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sequence and the 3' -untranslated region of the genes coding for these peptides to the sequences in the a -co no toxin peptides. The A-lineage 
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Cys-Cys-Xaa-Xaa-Xaa-Cys-Xaa-Xaa-Xaa-Xaa-Xaa-Cys (SEQ ID NO:l). The q -cono toxin -like peptides generally share a core sequence 
termed the a 4/7 core and is represented as Cys-Cys-Xaa-Xaa-Xaa-Xaa-Cys-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Cys (SEQ ID NO: 2). The 
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FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Aiutria 


GB 


United Kingdom 


MR 


Mauritania 


All 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netberlanda 


BP 


Burkina Faso 


eu 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 




PL 


Poland 


BR 


Bruil 


JP 


Japan 


FT 


Portugal 


BY 


Betanu 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian federation 


CP 


Central African Republic 


KP 


Democratic People i Republic 


SD 


Sudan 


CG 


Congo 




of Kore* 


SB 


'Swedes 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d'lvotre 


KZ 


Kazakhstan 


SK 


. Slovakia 


CM 


Cameroon 


U 


Liectatcsnem 


SN 


Senegal 


CN 


Chin* 


LK 


Sri Lanka 


TD 


Chad 


CS 


CSGCtxMtlOVkkll 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajtkfatan 


DC 




MC 


Monaco 


TT 


Itimdad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of Amc 


n 


- Finland 


ML 


Man* 


uz 


UzbefciXaa 


Fl 


Prince 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 95/11256 



PCT/US94/11927 



TITLE OF THE INVENTION 
CONOTOXIN PEPTIDES 

This invention was made with Government support under Grant No. GM-22737 awarded 
by the National Institutes of Health, Bethesda, Maryland. The United States Government has 
5 certain rights in the invention. 

BACKGROUND OF THE INVENTION 

This invention relates to relatively short peptides, and more particularly to peptides between 
about 10 and about 45 residues in length, which are naturally available in minute amounts in the 
venom of the cone snail or analogous to the naturally available peptides, and which include two 
10 or three cyclizing disulfide linkages. The peptides disclosed herein belong to a related family, 
the "A-lineage M conotoxin peptides. 

The publications and other materials used herein to illuminate the background of the 
invention, and in particular, cases to provide additional details respecting the practice, are 
incorporated by reference, and for convenience are numerically referenced in the following text 
15 and respectively grouped in the appended bibliography. 

Mollusks of the genus Conus produce a highly toxic venom which enables them to carry 
out their unique predatory lifestyle. Prey are immobilized by the venom which is injected by 
means of a highly specialized venom apparatus, a disposable hollow tooth which functions both 
in the manner of a harpoon and a hypodermic needle. 
20 Few interactions between organisms are more striking than those between a venomous 

animal and its envenomated victim. Venom may be used as a primary weapon to capture prey 
or as a defense mechanism. These venoms disrupt essential organ systems in the envenomated 
animal, and many of these venoms contain molecules directed to receptors and ion channels of 
neuromuscular systems. 

25 Predatory cone snails (Conus) have- developed a unique biological strategy. Their venom 

contains relatively small peptides that are targeted to various neuromuscular receptors and may 
be equivalent in their pharmacological diversity to the alkaloids of plants or secondary 
metabolites of microorganisms. Many of these peptides are among the smallest nucleic acid- 
encoded translation products having defined conformations, and as such, they are somewhat 

30 unusual. Peptides in this size range normally equilibrate among many conformations. Proteins 
haying a fixed conformation are generally much larger. 

SUBSTITUTE SHEET (RULE 26) 



WO 95/11256 



PCT/US94/11927 



-2- 

Cone snails that produce these toxic peptides, which are generally referred to as conotoxins 
or conotoxin peptides, are a large genus of venomous gastropods comprising approximately 500 
species. All cone snail species are predators that inject venom to capture prey, and the spectrum 
of animals that the genus as a whole can envenomate is broad. A wide variety of hunting 
5 strategies are used; however, every Conus species uses fundamentally the same basic pattern of 
envenomation. 

The major paralytic peptides in these fish-hunting cone venoms were the first to be 
identified and characterized. In C geographus venom, three classes of disulfide-rich peptides 
were found: the a-conotoxin peptides (which target and block the nicotinic acetyl- 

10 choline receptors); the /i-conotoxin peptides (which target and block the 
skeletal muscle Na" channels); and the co-conotoxin peptides (which target and block the 
presynaptic neuronal Ca 3 * channels). However, there are multiple homologs in each toxin class; 
for" example, there are at least five different ©-conotoxin peptides present in C geographus 
venom alone. Considerable variation in sequence is evident, and when different ©-conotoxin 

1 5 peptide sequences were first compared, only the cysteine residues that are involved in disulfide 
bonding and one glycine residue were found to be invariant. Another class of conotoxins found 
in C geographus venom is that referred to as conantokins, which cause sleep in young mice and 
hyperactivity in older mice and are targeted to the NMD A receptor. Each cone venom appears 
to have its own distinctive group, or signature, of different conotoxin sequences. 

20 Many of these peptides have now become fairly standard research tools in neuroscience. 

/i-Cono toxin peptides, because of their ability to preferentially block muscle but not axonal Na* 
channels, are convenient tools for immobilizing skeletal muscle without affecting axonal or 
synaptic events. co-Conotoxin peptides have become standard pharmacological reagents for 
investigating voltage-sensitive Ca 2+ channels and are used to block presynaptic termini and 

25 neurotransmitter release. 

Additional conotoxin peptides having these general properties continue to be sought. 

SUMMARY OF THE INVENTION 

The present invention is directed to A-lineage conotoxin peptides. The A-lineage conotoxin 
peptides are conotoxin peptides that have strong. homology in the signal sequence and the 3*- 
30 untranslated region of the genes coding for these peptides to the sequences in the a-conotoxin 
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peptides. The A-iineage conotoxin peptides can be identified by performing'polymerase chain 
reaction (PCR) amplification of Conus CDNA libraries or CDNA prepared by reverse 
transcription of venom duct mRNA. using primers based on the signal sequence and the 3*- 
untranslated region. The A-lineage conotoxin peptides include the a-conotoxin peptides, the a- 
5 conotoxin-like peptides and the K-conotoxin peptides, described further bel- w. 

The a-conotoxin peptides generally share a "core" sequence motif. This core sequence is 
termed the a3/5 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa- Cys-Xaa-Xaa-Xaa-Xaa-Xaa- 
Cys (SEQ ID NO:l). This core sequence can be further defined wherein the initial group of 
amino acids is Xaa,-Pro-Ala, where Xaa, is Asn or His. The a-conotoxin-like peptides generally 

1 0 share a core sequence termed the a4/7 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa-Xaa- 
Cys-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Cys (SEQ ID NO:2). The K-conotoxin peptides generally 
have a core sequence termed the k7/2/1/3 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa- 
Xaa-Xaa^Xaa-Xaa-Cys-Xaa-Xaa-Cys-Xaa-Cys-Xaa-Xaa-Xaa-Cys (SEQ ID NO:3). Despite these 
common core sequences, there may be some variations in some members of each group as 

15 described further below. For example, U002 has a core sequence of a4/3. 

The peptide groups within the A-lineage conotoxin peptides have diverse pharmacological 
activity. The a-conotoxin peptides are potent inhibitors of synaptic transmission at the 
neuromuscular junction. These peptides are generally nicotinic acetylcholine receptor blockers. 
The K-conotoxin peptides have activities against voltage-sensitive potassium or sodium channels. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fish-hunting cone snails use a variety of paralytic peptides for envenomating their prey. 
The first Conus peptide isolated and characterized was a 1 3 -amino- acid basic peptide from the 
venom of Conus geographus . a-conotoxin GI, which inhibits the nicotinic acetylcholine receptor 
at the neuromuscular junction of vertebrates. a-Conotoxins are used by a number of fish-hunting 

25 Conus species to block the neuromuscular junction of their prey. Six a-conotoxins from three 
different fish-hunting Conus species 1= been biochemically characterized. 

All a-conotoxins purified from Conus venoms to date (shown in Table I) have several 
common structural features; there are 12 "core" amino acids that define the- minimal functional 
unit for a high affinity a-conotoxin; the consensus sequence from the six different a-conotoxins 

30 is indicated in the Table. The most unusual a-conotoxin is a-conotoxin SII from Conus striatus. 
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in which an additional disulfide bond is present. However, within the core Sequence of all a- 
conotoxins, two disulfide bonds and a number of other amino acids are highly conserved. 

TABLE I 

a-Conotoxin Peptides ' 



5 Peptide Secruence SEP ID. NO: 

GI ECCNPACGRHYSC* 4 

GIA ECCNPACGRHYS CGK 5 

Gil ECCHPACGKHFSC* 6 

MI GRCCHPACGKNYSC* 7 

10 SI ICCNPACGPKYSC* 8 

SIA YCCHPACGKNFDC* 9 

SI I GCCCNPACGPNYGCGTSCS 10 

Consensus N F 

Core Sequence CCHPACGXXYXC 11 



* C- terminus is amidated. 

Recently, predicted precursor structures for a-conotoxins from C geographus were 
determined by a sequence analysis of CDNA clones encoding a-conotoxin GI and its homologs. 
The precursor of GI is a prepropeptide of 64 amino acids. For Conus peptides in general, the 

20 signal sequence and the 3* untranslated region adjacent the open reading frame are highly 
conserved. PCR primers were made using these a-conotoxin GI sequences, with the aim of 
deducing the sequences of additional a-conotoxin homologs from other Conus venoms. The 
strategy was to start with either messenger RNA or a cDNA library from a particular Conus 
venom duct, and to selectively amplify sequences related to the a-conotoxins. 

25 The results of this PCR strategy are described in further detail below. As will be 

demonstrated, a remarkable variety of peptides appear to have very close kinship to the a- 
conotoxins. It was expected that only a small set of peptides closely related to a-conotbxin GI 
would be identified. However, a larger evolutionary grouping, termed a Conus peptide lineage 
(specifically the A-lineage conotoxin peptides) was uncovered. The lineage which includes the 

30 a-conotoxin peptides comprises a rich structural and pharmacological diversity of Conus 
peptides. Furthermore, it appears that this lineage was wellrestablished early in the evolution of 
Conus. and peptides belonging to the lineage may well be found in the venoms of all Conus 
species. However, most of these peptides differ significantly, to a lesser or greater degree, from 
the consensus sequence deduced for the a-conotoxin peptides in Table I. 
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TITLE OF THE INVENTION 

CONOTOXIN PEPTIDES . . . 

This invention was made with Government support under Grant No. GM-22737 awarded 
by the National Institutes of Health, Bethesda, Maryland- The United States Government has 
5 certain rights in the invention. 

BACKGROUND OF THE INVENTION 

This invention relates to relatively short peptides, and more particularly to peptides between 
about 10 and about 45 residues in length, which are naturally available in minute amounts in the 
venom of the cone snail or analogous to the naturally available peptides, and which include two 
10 or three cyclizing disulfide linkages. The peptides disclosed herein belong to a related family, 
the "A-lineage M conotoxin peptides. 

The publications and other materials used herein to illuminate the background of the 
invention, and in particular, cases to provide additional details respecting the practice, are 
incorporated by reference, and for convenience are numerically referenced in the following text 
15 and respectively grouped in the appended bibliography. 

Mollusks of the genus Conus produce a highly toxic venom which enables them to carry 
out their unique predatory lifestyle. Prey are immobilized by the venom which is injected by 
means of a highly specialized venom apparatus, a disposable hollow tooth which functions both 
in the manner of a harpoon and a hypodermic needle. 
20 Few interactions between organisms are more striking than those between a venomous 

animal and its envenomated victim. Venom may be used as a primary weapon to capture prey 
or as a defense mechanism. These venoms disrupt essential organ systems in the envenomated 
animal, and many of these venoms contain molecules directed to receptors and ion channels of 
neuromuscular systems. 

25 Predatory cone snails (Conus) have developed a unique biological strategy. Their venom 

contains, relatively small peptides that are targeted to various neuromuscular receptors and may 
be equivalent in their pharmacological diversity to the alkaloids of plants or secondary 
. metabolites of microorganisms. Many of these peptides are among the smallest nucleic acid- 
encoded translation products having defined conformations, and as such, they are somewhat 

30 unusual. Peptides in this size range normally equilibrate among many conformations. Proteins 
haying a fixed conformation are generally much larger. 
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Cone snails that produce these toxic peptides, which are generally referred to as conotoxins 
or conotoxin peptides, are a large genus of venomous gastropods comprising approximately 500 
species. All cone snail species are predators that inject venom to capture prey, and the spectrum 
of animals that the genus as a whole can envenomate is broad. A wide variety of hunting 
strategies are used; however, every Conus species uses fundamentally the same basic pattern of 
envenomation. 

The major paralytic peptides in these fish-hunting cone venoms were the first to be 
identified and characterized. In C geographus venom, three classes of disulfide-rich peptides 
were found: the cc-conotoxin peptides (which target and block the nicotinic acetyl- 
choline receptors); the ji-conotoxin peptides (which target and block the 
skeletal muscle Na" channels); and the co-conotoxin peptides (which target and block the 
presynaptic neuronal Ca 2+ channels). However, there are multiple homologs in each toxin class; 
for example, there are at least five different co-conotoxin peptides present in C geographus 
venom alone. Considerable variation in sequence is evident, and when different co-conotoxin 
peptide sequences were first compared, only the cysteine residues that are involved in disulfide 
bonding and one glycine residue were found to be invariant. Another class of conotoxins found 
in C. geographus venom is that referred to as conantokins, which cause sleep in young mice and 
hyperactivity in older mice and are targeted to the NMDA receptor. Each cone venom appears 
to have its own distinctive group, or signature, of different conotoxin sequences. 

Many of these peptides have now become fairly standard research tools in neuroscience. 
^-Conotoxin peptides, because of their ability to preferentially block muscle but not axonal Na* 
channels, are convenient tools for immobilizing skeletal muscle without affecting axonal or 
synaptic events. co-Conotoxin peptides have become standard pharmacological reagents for 
investigating voltage-sensitive Ca 2+ channels and are used to block presynaptic termini and 
neurotransmitter release. 

Additional conotoxin peptides having these general properties continue to be sought. 

SUMMARY OF THE INVENTION 

The present invention is directed to A-lineage conotoxin peptides. The A-lineage conotoxin 
peptides are conotoxin peptides that have strong. homology in the signal sequence and the 3*- 
untranslated region of the genes coding for these peptides to the sequences in the a-conotoxin 
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peptides. The A-lineage conotoxin peptides can be identified by performing "polymerase chain 
reaction (PCR) amplification of Conus CDNA libraries or CDNA prepared by reverse 
transcription of venom duct mRNA. using primers based on the signal sequence and . the 3*- 
untranslated region. The A^lineage conotoxin -peptides include the a-conotoxin peptides, the a- 
conotoxin-like peptides and the K-conotoxin peptides, described- farmer, bekw.-. 

The a-conotoxin peptides generally share a "core" sequence motif. This core sequence is 
termed the a3/5 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa-Cys-Xaa-Xaa-Xaa-Xaa-Xaa- 
Cys (SEQ ID NO;l). This core sequence can be further defined wherein the initial group of 
amino acids is Xaa, -Pro-Ala, where Xaa, is Asn or His. The a-conotoxin-like peptides generally 
share a core sequence termed the a 4/7 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa-Xaa- 
Cys-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Cys (SEQ ID NO:2). The K-conotoxin peptides generally 
have a core sequence termed the k7/2/1/3 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa* 
Xaa-Xaa-Xaa-Xaa-Cys-Xaa-Xaa-Cys-Xaa-Cys-Xaa-Xaa-Xaa-Cys (SEQIDNO:3). Despite these 
common core sequences, there may be some variations in some members of each group as 
described further below. For example, U002 has a core sequence of a4/3. 

The peptide groups within the A-Iineage conotoxin peptides have diverse pharmacological 
activity. The a-conotoxin peptides are potent inhibitors of synaptic transmission at the 
neuromuscular junction. These peptides are generally nicotinic acetylcholine receptor blockers. 
The K-conotoxin peptides have activities against voltage-sensitive potassium or sodium channels. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fish-hunting cone snails use a variety of paralytic peptides for envenomating their prey. 
The first Conus peptide isolated and characterized was a 13-amino-acid basic peptide from the 
venom of Conus geographus, a-conotoxin GI, which inhibits the nicotinic acetylcholine receptor 
at the neuromuscular junction of vertebrates. a-Conotoxins are used by a number of fish-hunting 
Conus species to block the neuromuscv* ar junction of their prey. Six a-conotoxins from three 
different fish-hunting Conus species L i been biochemically characterized. -• 

All a-conotoxins purified from Conus venoms to date (shown in Table I) have several 
common structural features; there are 12 "core" amino acids that define the minimal functional 
unit for a high affinity a-conotoxin; the consensus sequence from the six different a-conotoxins 
is indicated in the Table. The most unusual a-conotoxin is a-conotoxin SII from Conus striatus. 
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in which an additional disulfide bond is present. However, within the core sequence of all a- 
conotoxins, two disulfide bonds and a number of other amino acids are highly conserved. 

TABLE I 
a-Conotoxin Peptides 



5 Peptide Sequence SEP ID NO: 

GI ECCNPACGRHYSC* 4 

GIA ECCNPACGRHYS CGK 5 

Gil ECCHPACGKHFSC* 6 

MI GRCCHPACGKNYSC* 7 

10 SI ICCNPACGPKYSC* 8 

SIA YCCHPACGKNFDC * 9 

SI I GCCCNPACGPNYGCGTSCS 10 

Consensus N F 

Core Sequence CCHPACGXXYXC 11 



* C- terminus is amidated. 

Recently, predicted precursor structures for a-conotoxins from C. geographus were 
determined by a sequence analysis of CDNA clones encoding a-conotoxin GI and its homologs. 
The precursor of GI is a prepropeptide of 64 amino acids. For Conus peptides in general, the 

20 signal sequence and the 3' untranslated region adjacent the open reading frame are highly 
conserved. PCR primers were made using these a-conotoxin GI sequences, with the aim of 
deducing the sequences of additional a-conotoxin homologs from other Conus venoms. The 
strategy was to start with either messenger KNA or a cDNA library from a particular Conus 
venom duct, and to selectively amplify sequences related to the a-conotoxins. 

25 The results of this PCR strategy are described in further detail below. As will be 

demonstrated, a remarkable variety of peptides appear to have very close kinship to the a- 
conotoxins. It was expected that only a small set of peptides closely related to d-conotoxin GI 
would be identified. However, a larger evolutionary grouping, termed a Conus peptide lineage 
(specifically the A-lineage conotoxin peptides) was uncovered. The lineage which includes the 

30 a-conotoxin peptides comprises a rich "structural and pharmacological diversity of Conus 
peptides. Furthermore, it appears that this lineage was wellrestablished early in the evolution of 
Conus. and peptides belonging to the lineage may well be found in the venoms of all Conus 
species. . However, most of these peptides differ significantly, to a lesser or greater degree, from 
the consensus sequence deduced for the a-conotoxin peptides in Table I. 
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The present invention is directed to A-lineage conotoxin peptides. The A-lineage conotoxin 
peptides are conotoxin peptides that have strong homology in the signal sequence and the 3'- 
untranslated region of the genes coding for these peptides to the sequences in the a-conotoxin 
peptides. The A-lineage conotoxin peptides can be identified by performing polymerase chain 
reaction (PCR) amplification of Conus cDN A libraries or cDNA prepared by reverse transcription 
of venom duct mRNA, using primers based on the signal sequence and the 3 'untranslated region. 
The A-lineage conotoxin peptides include the a-conotoxin peptides, the a-conotoxin-Iike peptides 
and the K-conotoxin peptides, described further below. 

The a-conotoxin-peptides generally share a "core" sequence motif. This core sequence is 
termed the a3/5 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa-Cys-Xaa-Xaa-Xaa-Xaa-Xaa- 
Cys (SEQ ID NO:l). This core sequence can be further defined wherein the initial group of 
amino acids is Xaa r Pro-Ala, where Xaa, is Asn or His. The a-conotoxhvlike peptides generally 
share a core sequence termed the a4/7 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa-Xaa- 
Cys-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Cys (SEQ ID NO:2). The K-conotoxin peptides generally 
have a core sequence termed the k7/2/1/3 core, which is represented as Cys-Cys-Xaa-Xaa-Xaa- 
Xaa-Xaa-Xaa-Xaa-Cys-Xaa-Xaa-Cys-Xaa-Cys-Xaa-Xaa-Xaa-Cys (SEQ IDNO:3). Despite these 
common core sequences, there may be some variations in some members of each group as 
described further below. For example, U002 has a core sequence of a4/3. 

The peptide groups within the A-lineage conotoxin peptides have diverse pharmacological 
activity. The a-conotoxin peptides are potent inhibitors of synaptic transmission at the 
neuromuscular junction. These peptides are generally nicotinic acetylcholine receptor blockers. 
The K-conotoxin peptides have activities against voltage-sensitive potassium or sodium channels. 

.More specifically, the present invention is directed to the following A-lineage conotoxin 
peptides: 

SIl:Gly-Cys-Cys-Cys-Asn-PrcKAla-Cys-Gly-Pro-Asn-Tyr-Gly-Cys-G]y-Tlu*-Ser-Cys-Ser^ 
Xaa, (SEQ ID NO: 10). Xaa, may be des-Xaa, or Arg-Thr-Leu. 

U002: Gly-Cys-Cys-Ser-Asp-Pro-Arg-Cys-Ala-Trp-Arg-Cys (SEQ ID NO:T2). The C- 
terminus is preferably amidated. • . 

CE-1 : Arg-Ajsp-Xaa,-Cys-Cys-Tyr-^ 
(SEQ ID NO: 13). Xaa, may be Pro or preferably hydroxy-Pro, and the C-terminus is preferably 
amidated. 
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BN-1 : Gly-Cys-Cys-Ser-His-Xaa,-Ala-Cys-Ser-Val-Asn-Asn-Xaa r Xaa3-Ile-Cys (SEQ ID 
NO: 14). Xaa, or Xaa 2 may be Pro or hydroxy- Pro, and Xaa 3 may be Asp or f}-carboxyaspartate. 
The C-terminus is preferably amidated. 

BN-2: Glu-Cys-Cys-Thr-His-Xaa (SEQ ID. 

NO: 15). Xaa, or Xaa 2 may be Pro or hydroxy-Pro. The C-terminus is preferably amidated. ' ~ 

BN-3: Asp-Tyr-Cys-Cys-His-Arg-Gly-Pro-Cys-Met-Val-Trp-Cys (SEQ ID NO: 16). The 
C-terminus is preferably amidated. 

CR-1: Gln-Asn-Cys-Cys-Ser-Ile-Pro-Ser-Cys-Trp-Glu-Lys-Tyr-Lys-Cys-Xaa! (SEQ ID 
NO: 17). Xaa, may be Ser or Asn. 

CR-2Gly-Cys-Cys-Ala-Ile-Arg-Glu-Cys-Arg-Leu-Gln-Asn-Ala-Ala-Tyr-Cys-Gly-Gly-Ile- 
Tyr (SEQ ID NO: 18). 

MG-1 : Gly-Cys-C^s-Ser-Asn-Xaa r Val-Cys-His-Leu-Glu-His-Ser-Asn-Leu-Cys (SEQ ID 
NO: 19). Xaa, may be Pro or hydroxy-Pro, and the C-terminus is preferably amidated. 

SL-l:Gly-Gly-Cys-Cys-Ser-Phe-Xaa r Ala-Cys-Arg-Lys-Tyr-Arg-Xaa 2 -Xaa 3 -Met-Cys-Gly 
(SEQ ID NO:20). Xaa, or Xaa 2 may be Pro or hydroxy-Pro. and Xaa 3 may be Glu or y- 
carboxyglutamate. The C-terminus is preferably amidated. 

SL-2: Ala-Cys-Cys-Ser-Tyr-Xaa r Pro-Cys-Asn-Val-Asn-Tyr-Xaa 2 -Xaa 3 -Ile-Cys-Gly-Gly- 
Arg (SEQ ID NO:21). Xaa, or Xaa, may be Pro or hydroxy-Pro : and Xaa 3 may be Glu or y- 
carboxyglutamate. The C-terminus is preferably amidated. 

ST-1: A^-Gly-Cys-Cys-Arg-Asn-Pro-AJa-Cys-Glu-Ser-His-Arg-Cys-Gly (SEQ ID NO:22). 

OC-lAsn-Val-Val-Val-Thr-Ser-Phe-Glu-Pro 
Cys-Gln-Val-Ser-Ser-Cys-Tip-Asn-Leu-Tyr-Gly-Le^^ 
Leu (SEQ ID NO:23). 

OC-2:Asn-Val-Ala-Ile-Thr-Ser-Phe-Glu-Pro-Thr-Thr-Leu- Ala-Pro- Val-Pro-Ser-Asp-Cys- 
Cys-Gln-Val-Ser-Ser-Cys-Trp-Asn-Leu-Tyr-Gly-fr^ 
Leu (SEQ ID NO:24). 

SVII1A: Gln-Lys-GIu-Leu-Val-Pro-Ser-Val-Ile-Trir-Thr-Cys-Cys-Gly-Tyr-Asp-Pro-Gly^ 
Trir-Met-Cys-Pro-Pro-Cys-Arg-Cys-m-Asn-Ser-Cys-Pro-Thr-Lys-Proi 
ID NO:25). Xaa, is des-Xaa, or Gly-Arg-Arg-Asn-Asp (SEQ ID NO:26). When Xaa, is des- 
Xaa,, the C-terminus is preferably, amidated. 

MVIH; Ala-Pro r Xaa r Leu-Val-Val-^^ 
. Tru--Ile-Cys-Pro-Pro-Cys-Met-Cys-Thr-Tyr-Ser-Cys-Pro-Pro-Lys-Arg-Lys-Pro-X^ (SEQ ID 
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NO:27). Xaa, is Glu or y-carboxyglutamate, and Xaa 2 is des-Xaa 2 or Gly-Arg-Arg-Asn-Asp 
(SEQ ID NO:26). When Xaa, is des-Xaa 2 , the C-terminus is preferably amidated. 

SM- 1 Glx-Thr-Trp-Leu- Val-Pro-Ser-Thr-Ile-Thr-Thr-Cys-Cys-^ 
Met-Cys-Pro-Thr-Cys-Met-Cys-Asp-Asn-Tfr^ (SEQ ID 

NO:28). Xaa, is des-Xaa, or Gly-ArgrArg-Asn-Asp (SEQ ID NO:26). When Xaa, is des-Xaa„ 
the C-terminus is preferably amidated. 

SM-2:Ala-Pro-Trp-Leu-Val-Pr^^ 
Met-Cys-Pro-Pro-Cys-Met-Cys-Asn-Asn-Thr-Cys-Lys-Pro-Lys-Pro-Lys-Lys-Ser-Xaa, (SEQ ID 
NO:29). Xaa, is des-Xaa, or Gly-Arg-Arg-Asn-His (SEQ ID NO:30). When Xaa, is des-Xaa, 3 
the C-terminus is preferably amidated. 

U007: Arg-Asp-Xaa,-Cys-Cys-Tyr-His-Pro-Tnr-Cys-^ 
(SEQ ID NO:31). Xaa, is Pro or hydroxy-Pro. The C-terminus is preferably amidated. 

U008: Arg-Asp-Xaa,-Cys-Cys-Ser-Asn-Pro-Ala-Cys-Asn-Val-Asn-Asn-Pro-Gln-IIe-Cys 
(SEQ ID NO:32). Xaa, is Pro or hydroxy-Pro. The C-terminus is preferably amidated. 

U01 1 : Gly-Cys-Cys-Gly-Pro-Tyr-Xaa r Asn-Ala-Ala-Cys-His-Xaa 2 -Cys-Gly-Cys-Lys-Val- 
Gly-Arg-Xaa 3 -Xaa,-Tyr-Cys-Asp-Arg-Xaa 5 -Ser-Gly-Gly (SEQ ID NO:33). Xaa„ Xaa 2 , Xaa 3 , 
Xaa 4 and Xaz^ are Pro or preferably hydroxy-Pro. 

Conotoxin peptides purified from Conus species generally contain hydroxy-Pro in place of 
Pro at many of the prolyl residues. Conotoxin peptides synthesized with either Pro or hydroxy- 
Pro have the biological activities described herein. Thus, Pro or hydroxy-Pro may be used at 
any prolyl or hydroxy-prolyl residues of the peptides identified herein, and they are considered 
to be equivalents. Thus, for example, ic-conotoxin peptides, such as SyillA, MVIII, Sm-1 or 
Sm-2, preferably contain all hydroxy-Pro residues. In addition to the post-translational 
processing of conotoxin peptides to modify prolyl residues to hydroxy-Pro, other residues are 
also post-translationally modified in the snail. These residues include Gix or Asx, which may 
be modified to y-carboxyglutamate or p-carboxyaspartate, respectively. Such modification is 
seen when the residue is at the N-terminus of the conotoxin peptide. One example of this 
modification is found in MVIII where Xaa, at position 3 is preferably y-carboxyglutamate. 
Additional post-translational modification may involve the glycosyiation of Ser and/or Thr 
residues, especially in the K-conotoxin peptides at positions 7 and/or 8 of the mature peptide. 
Accordingly, conotoxin peptides having these modifications are considered to be equivalents of 
the sequences specified above and within the scope of the present invention. 
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The elucidation of -the prepropeptide structure of two Conus geographus a-conotoxin 
peptides provided the opportunity for identifying other peptides with significant homology in 
their messenger RNA sequences. A PCR approach, . which requires both signal sequence 
homology, as well as homology in the 3' untranslated region to the a-conotoxin peptides, has 
revealed a structurally and pharmacologically diverse group of peptides which apparently share 
very close evolutionary kinship. This group comprises not only the tightly-defined family of ct- 
conotoxin peptides as originally understood, but mature peptides that might seem totally unrelated 
structurally and pharmacologically to the d-conotoxin peptides. As described above, this entire 
group of conotoxin peptides with strong homologies in their precursor and messenger RNA 
sequences has been named the "A-lineage" (after a-conotoxin peptides, the first family of 
peptides discovered in the lineage) comprising several structural classes and pharmacological 
families of Conus peptides. 

The PCR primers used to identify Conus peptides related to a-conotoxin peptides were 
based on the sequence of a cDNA clone encoding a-conotoxin peptide GI from C^ geographus 
venom. As shown in Table I, a-conotoxin peptides have also been isolated from C. striatus and 
C magus . To ascertain that the primers would identify bona fide a-conotoxin peptide clones 
from other Conus species, the PCR amplification technology described above was first applied 
to these two fish-hunting species, with well characterized a-conotoxin peptides. The sequences 
of mature peptides deduced from these analyses are shown in Table II. As expected, cDNA 
clones of a-conotoxin peptides which had been characterized by a conventional biochemical 
approach were identified from the PCR amplification of a cDNA library from C striatus . The 
predicted precursor sequences of a-conotoxin peptides SI and SII are virtually identical in the 
first 42 amino acids of the prepro regions of the precursors to the corresponding sequence of the 
a-conotoxin peptide GI precursor (93% identity). The relevant sequences are compared in Table 
III. 
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However, the PCR amplification of C striatus venom yielded two clearly resolved bands 
that could readily be separated by gel electrophoresis. From the faster-moving band, a total of 
12 clones were sequenced from two independent PCR amplifications; eight of these proved to 
be the precursors for cc-conotoxin peptide SII, and four encoded a-conotoxin peptide SI. The 
5 mature toxin, predicted by the cDNA clone has an extra glutamate residue at the N-terminus of 
a-conotoxin peptide SI; otherwise, the sequences are identical. Either there is unexpected further 
processing of the peptide encoded in mRNA to the mature form, or the cloned sequence is a 
polymorphic variant of a-conotoxin peptide SI. 

The higher molecular weight PCR amplification product was also cloned, and three 
10 independent clones were analyzed. These all encoded the peptide labeled K-conotoxin peptide 
SVIIIA which is considerably longer than the predicted mature peptide sequence of a-conotoxin 
peptides SI or SII. Furthermore, SVIIA is almost identical in sequence to a peptide recently 
characterized from C striatus venom, K-conotoxin peptide SVIII, an excitotoxin important for 
the first stage of immobilization observed upon C striatus envenomation. However, there were 
15 a number of minor sequence differences: Ser-3 in K-conotoxin peptide SVIII is replaced by Glu 
in SVIIIA. More strikingly, the C-terminal Cys residue of K-conotoxin peptide SVIII is extended 
in K-conotoxin peptide SVIIIA by 12 more amino acids. 

In an attempt to resolve these differences, direct amplification of mRNA from C striatus 
venom ducts was carried out. The original cDNA library was made using specimens of C. 
20 striatus that came from Hawaii, while the PCR amplification of venom duct mRNA was carried 
out using specimens from the Philippines (also the source of the venom from which K-conotoxin 
peptide SVIII was purified). Six clones from the faster-moving PCR amplification band from 
mRNA were analyzed; four were a-conotoxin peptide SII and one encoded a-conotoxin peptide 
SI. However, the sixth clone encoded a new peptide, ST-1, the predicted sequence of which is 
25 shown in Table II. 

The more slowly-moving PCR band gave a clone which encodes a predicted prepropeptide 
that corresponds exactly to K-conotoxin peptide SVIII. 

Thus, from C. striatus alone, five different Conus peptides were obtained by analyzing 
clones made from the PCR amplification using a-conotoxin peptide sequences. Recovery of only 
30 . two of these, a-conotoxin peptides SI and SII, were predicted. Also found was MG-1 , a peptide 
generally similar in structure to the a-conotoxin peptides, but never previously characterized.. and 
two known peptide sequences belonging to an entirely unrelated family, the K-conotoxin peptides. 
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Th e results also suggest that there is polymorphism in K-conotoxin peptide sequences between 
Hawaiian and Philippine forms, with one amino acid substitution and a long C-terminal tail being 
present in Hawaiian but not Philippine specimens. Thus, the diversity of. the peptides related to- 
the a-conotoxin peptide family picked up by PCR in C. striatus has proven to be unexpectedly 
complex. 

A more limited analysis of PCR products from C magus was also carried out. Eleven 
clones were sequenced from two independent amplifications; all clones fell in one of two classes. 
The most abundant class (nine out of 1 1 clones) gave a predicted sequence that was essentially 
identical to K-conotoxin peptide MVIII, as shown in Table II. In addition, a peptide more closely 
related structurally to a-conotoxin peptides was also recovered. A clone which encoded o> 
conotoxin peptide MI, the a-conotoxin peptide from C. magus venom, was not recovered. 

One complication that emerged when the cDNA sequence and the actual sequence of 
purified K-conotoxin peptide MVIII were compared, was the discovery that the last five amino 
acids are excised to give an amidated C-terminus. It is noteworthy that the C-terminal sequence 
would not normally be predicted to be subject to proteolytic cleavage. The probable true C- 
terminus of K-conotoxin peptides MVIII and SVIIIA are indicated by an arrow in Table II. 

The venoms of both C. magus and C striatus proved to have K-conotoxin peptide 
precursors as a significant fraction of all clones obtained using the a-conotoxin precursor 
sequences. Since K-conotoxin peptides are believed to be important components for those fish- 
hunting cone snails ("harpooners") that harpoon their prey before engulfing it, it was desired to 
examine other Conus species believed to be fish-hunting, but which have never been observed 
to harpoon their prey. Two little-known Conus species that are believed to be piscivorous are 
C orchroleucus and C. sulcatus . A PCR amplification was done from mRNA of C ochroleucus . 
and a cDNA library of C sulcatus . 

The results are shown in Table IV. Nineteen clones from C, sulcatus and nine clones from 
C. orchroleucus were sequenced from two independent amplifications. In C sulcatus, the same 
sequence (SL-1) accounted for 18/19 clones, and a closely related peptide (SL-2) was the only 
other one identified. In contrast, the C. ochroleucus clones encoded two peptides (OCtI and OC- 
2) that were considerably longer and -homologous to each other. 
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Although the predicted mature toxins from C sulcatus and C orchroleucus are very 
different in length (19-20 amino acids for C. sulcatus and 42 amino acids for C. ochroleucus ). 
the peptides nevertheless show the same spacing in-their core sequences. From the first Cys - 
residue to the last, all of the peptides have the core. motif CC4C7C. This same motif was also 
found in MG-1, the a- conotoxin- like peptide from C magus shown in. Table II. The 'C- 
orchroleucus peptides are much longer mainly because they have an extended N-terminal and C- 
terminal tail, compared to the C. sulcatus and C. magus peptides. It is noteworthy that no k- 
conotoxin peptides were uncovered in these species. 

A third fish-hunting Conus species, known to be a harpooner, was also analyzed. C. 
stercusmuscarum is a species from which no cc-conotoxin peptides have been isolated. A total 
of seven clones were sequenced; two predicted sequences were elucidated. By homology, it 
seems virtually certain that these are K-conotoxin peptides which have been named K-conotoxin 
peptide SmVIII and K-conotoxin peptide SmVIIIA. Thus, in C stercusmuscarum , a harpooner 
like C. striatus and C. magus, the K-conotoxin peptides are identified by the PCR amplification 
protocol used. 

The results above indicate that peptides that must be closely related evolutionary to the 
a-conotoxin peptides are found in the venom ducts of all fish-hunting species examined. An 
investigation was made as to whether this group of peptides might also be found in non-fish- 
hunting species. Most of the 500 Conus species are non-piscivorous, and the two other large 
groups hunt gastropod mollusks, and polychaete worms. A PCR amplification from the 
molluscivorous Conus species, C. bandanus and the vermivorous species, C caracteristicus . was 
therefore carried out, and the results of an analysis of the clones from these amplifications is 
shown in Table V. 
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Twenty-two clones-were analyzed from C. bandanus . Of these, 19 encoded a single peptide 
(BN-1), and one was found to encode a closely related sequence (BN-2). These peptides also 
showed the characteristic a4/7 (CC4C7C) core motif described above. The third peptide 
sequence (BN-3) was unrelated to the other two, and exhibited an ct4/3 core sequence. 

Seven clones were sequenced from C. caracteristicus . and were found to encode two 
different predicted mature peptides. Three clones encoded an ct4/7 peptide (CR-1), while four 
out of seven encoded an a-conotoxin-like peptide (CR-2) that had an a4/5 core sequence motif. 
It is noteworthy that no K-conotoxin peptide-like sequences were detected from either C 
bandanus or C caracteristicus PCR application clones. 

The most surprising toxins to find as members of the A-lineage were the K-conotoxin 
peptides, which have no apparent homology to the a-conotoxin peptides in amino acid sequence 
of the mature peptides, even the arrangement of Cys residues is entirely different. Furthermore, 
the K-conotoxin peptides do not act at the acetylcholine receptor, but target either voltage- 
sensitive potassium or sodium channels. Thus, it was unexpected to find the very strong 
homology detected between a- and K-conotoxin peptides in both signal sequence and 3' 
untranslated region. 

A comparison of all of the prepropeptide amino acid sequences of a- and K-conotoxin 
peptides is shown in Table VI. These sequences have been aligned for maximal identity. The 
ability of a-conotoxin peptide primers to pick up K-conotoxin peptides is explained by the virtual 
identity of the two signal sequences. 
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There is considerable homology (but not total identity) in the pro region of the precursor, 
and no significant identity in the mature toxin region of the prepropeptide. The putative borders 
between signal sequence, propeptide and mature toxin are indicated. There is -no doubt that.- - 
although the mature toxins are structurally and pharmacologically unrelated to. each other, . the. 
5 ct-conotoxin peptide and K-conotoxin peptide precursor families are in fact very closely related 
by evolutionary lineage. 

In addition to the K-conotoxin peptides, a variety of additional peptides more closely related 
to the a-conotoxin peptides, were also identified using the same PCR primers. Several of these 
can be aligned into a cohesive family of a-conotoxin-like peptides, which differ from the 

10 canonical a-conotoxin peptides by having different length loops between the disulfide bonds. 
Thus, while all a-conotoxin peptides in Table I have a typical a3/5 core (as described above), 
most of the additional peptides that were identified by PCR have the a4/7 core. Furthermore, 
if the peptides with the a4/7 motif are aligned, many have striking homology to peptides 
previously identified from C. obscurus and C tulipa venoms. These sequences are shown in 

15 Table VII. In the C. obscurus and C, tulipa peptides, there is a post-translationally modified . 
amino acid, y-carboxyglutamate in the second loop. The a4/7 peptides predicted by the PCR 
methodology show great homology to these peptides, and it seems likely that the natural peptides 
in fact have y-carboxyglutamate, and not glutamate, at the homologous position. There is a 
tantalizing suggestion that, since one of the peptides from C. bandanus has an aspartate 

20 substitution at that position, this residue may also be post-translationally modified. 
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Finally, there are other groups of peptides which belong to the A-lineage- that do not belong 
to coherent classes. These include ST-1, BN-3 and CR-1, a-conotoxin-like peptides from C 
striatus , C band anus and C. caracteristicus. which have core motifs other than a3/5 and a4/7. 
Thus, the A-lineage is quite diverse, almost certainly encompassing at least two structural classes 
5 and several pharmacological families. Furthermore, it is clearly widely-distributed in Coiius 
venoms, since in this study A-iineage peptides from both snail-hunting and worm-hunting Conus 
were identified, in addition to the fish-hunting species from which the original a -conotoxin 
peptides were isolated. 

After identification of the amino acid sequence of the conotoxin peptide, such as by 
10 purification and sequence analysis, PCR amplification, recombinant DNA techniques or the like, 
the mature conotoxin peptide can be synthesized using conventional techniques as described 
further below. 

These peptides, generally termed A-lineage conotoxin peptides, are sufficiently small to be 
chemically synthesized. General chemical syntheses for preparing the foregoing A-lineage 

15 conotoxin peptides are described hereinafter, along with specific chemical synthesis of one of the 
A-lineage conotoxin peptides and indications of biological activities of these synthetic products. 
Various ones of these A-lineage conotoxin peptides can also be obtained by isolation and 
purification from specific Conus species using the techniques described in U.S. Patent No. 
4,447,356 (11) or Olivera et al. (2), the disclosures of which are incorporated herein by 

20 reference. For example, the peptides U007, U008 and U01 1 were obained by purification from 
Conus ermineus . 

Although At lineage conotoxin peptides can be. obtained by, purification from the 
enumerated cone snails, because the amounts of A-lineage conotoxin peptides obtainable from 
individual snails are very small, the desired substantially pure A-lineage conotoxin peptides are 

25 best practically obtained in commercially valuable amounts by chemical synthesis. For example, 
the yield from a single cone snail may be about 10 micrograms or less of A-lineage conotoxin 
peptide. By "substantially pure" is meant that the peptide is present in the substantial absence 
of other biological molecules of the same type; it is preferably present in anwamount of at least ■ 
about 85% by weight and preferably at least about 95% of such biological molecules of the same 

30 type which are present (i.e., water, buffers and innocuous small molecules may be present). 
Chemical synthesis of biologically active A-lineage conotoxin peptides depends of course, upon 
correct determination of the amino acid sequence. 
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The A-lineage conotoxin peptides can also be produced by recombinant DNA techniques 
well known in the art. Such techniques are described by Sambrook et al. (3) The peptides 
produced in this manner are isolated* reduced if necessary, and oxidized to form the correct- 
disulfide bonds. 

5 One method of forming disulfide bonds in the Arlineage conotoxin peptides of the present 

invention is the air oxidation of the linear peptides for prolonged periods under cold room 
temperatures. This procedure results in the creation of a substantial amount of the bioactive, 
disulfide-linked peptides. The oxidized peptides are fractionated using reverse-phase high 
performance liquid chromatography (HPLC) or the like, to separate peptides having different 

10 linked configurations. Thereafter, either by comparing these fractions with the elution of the 
native material or by using a simple assay, the particular fraction having the correct linkage for 
maximum biological potency is easily determined. It is also found that the linear peptide, or the 
oxidized product having more than one fraction, can sometimes be used for in vivo 
administration because the cross-linking and/or rearrangement which occurs in vivo has been 

1 5 found to create the biologically potent conotoxin molecule. However, because of the dilution 
resulting from the presence of other fractions of less biopotency, a somewhat higher dosage may 
be required. 

A second method of forming the disulfide bonds in the A-lineage conotoxin peptides of 
the present invention involves the use of acetamidomethyl (Acm) as protection agent on the 

20 second and fifth cysteines during the synthesis of the A-lineage conotoxin peptides. Use of Acm 
on these two residues is based on the analogy with disulfide bridges in other A-lineage conotoxin 
peptides. The peptide with the Acm protected cysteines is air-oxidized overnight at room 
temperature. The bicyclic peptides are separated by HPLC and the desired isomer isolated. The 
final disulfide bridge is carried out by iodination. The undesired isomers are efficiently recycled 

25 by reduction to linear peptide. The desired isomer is determined by a partial reduction analysis 
(4). In this analysis, a sample of a bicyclic precursor is treated with tris-[2-carboxy ethyl] phos- 
phine to give linear peptide and a singly-bridged intermediate. The latter peptide is reacted with 
iodoacetamide, and the location of alkylated cysteine residues is established bysequence analysis; 

The peptides, are synthesized by a suitable method, such as by exclusively solid-phase 
30 techniques, by partial solid-phase techniques, by fragment condensation. or by classical solution 
couplings. The employment of recently developed recombinant DNA techniques may be used to 
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prepare these peptides, particularly the longer ones containing only natural a"mino acid residues 
which do not require post-translational processing steps. 

In conventional solution phase peptide synthesis, the peptide chain can be prepared by a 
series of coupling reactions in which the constituent amino acids are added to the growing- 
peptide chain in the desired sequence. The use - of various N-protecting- groups, e.gr, 
dicyclohexylcarbodiimide or carbonyldimidazole, various active esters, e.g., esters of N- 
hydroxyphthalimide or N-hydroxy-succinimide, and the various cleavage reagents, to carry out 
reaction in solution, with subsequent isolation and purification of intermediates, is well known 
classical peptide methodology. Classical solution synthesis is described in detail in the treatise, 
"Methoden der Organischen Chemie (Houben^Weyl): Synthese von Peptiden," (5). Techniques 
of exclusively solid-phase synthesis are set forth in the textbook, "Solid-Phase Peptide Synthesis," 
(6), and are exemplified by the disclosure of U.S. Patent No. 4,105,603 (7). The fragment 
condensation method of synthesis is exemplified in U.S. Patent No. 3,972,859 (8). Other 
available syntheses are exemplified by U.S. Patents No. 3,842,067 (9) and 3,862,925 (10). 

Common to such chemical syntheses is the protection of the labile side chain groups of the 
various amino acid moieties with suitable protecting groups which will prevent a chemical 
reaction from occurring at that site until the group is ultimately removed. Usually also common 
is the protection of an a-amino group on an amino acid or a fragment while that entity reacts 
at the carboxyl group, followed by the selective removal of the a-amino protecting group to 
allow subsequent reaction to take place at that location. Accordingly, it is common that, as a step 
in such a synthesis, an intermediate compound is produced which includes each of the amino acid 
residues located in its desired sequence in the peptide chain with ( appropriate side-chain ~ 
protecting groups linked to various ones of the residues having labile side chains. 

As far as the selection of a side chain amino protecting group is concerned, generally one 
is chosen which is not removed during deprotection of the a-amino groups during the synthesis. 
However, for some amino acids, e.g., His, protection is not generally necessary. In selecting a 
particular side chain protecting group to be used in the synthesis of the peptides, the following 
general rules are followed: (a) the protecting group preferably retains* its protecting properties 
and is not split off under coupling conditions, (b) the protecting group should be stable under 
the reaction conditions selected for removing the a-amino protecting group at each step of the 
synthesis, and (c) the side chain protecting group must be removable, upon the completion of the 
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synthesis containing the desired amino acid sequence, under reaction condifions that will not 
undesirably alter the peptide chain. 

It should be possible to prepare many, or even alL of these peptides using recombinant 
DNA technology. However, when peptides are not so prepared, they are preferably prepared 
using the Merrifield solid-phase synthesis, although other equivalent chemical syntheses known 
in the art can also be used as previously mentioned. Solid-phase synthesis is commenced from 
the C-terminus of the peptide by coupling a protected a-amino acid to a suitable resin. Such a 
starting material can be prepared by attaching an a-amino-protected amino acid by an ester 
linkage to a chloromethylated resin or a hydroxymethyl resin, or by an amide bond to a 
benzhydrylamine (BHA) resin or paramethylbenzhydrylamine (MBHA) resin. Preparation of the 
hydroxymethyl resin is described by Bodansky et al. (11). Chloro-methylated resins are 
commercially available from Bio Rad Laboratories (Richmond, CA) and from Lab. Systems, Inc. 
The preparation of such a resin is described by Stewart et al. (6). BHA and MBHA resin 
supports are commercially available, and are generally used when the desired polypeptide being 
synthesized has an unsubstituted amide at the C-terminus. Thus, solid resin supports may be any 
of those known in the art, such as one having the formulae -0-CH 2 -resin support, -NH BHA 
resin support, or -NH-MBHA resin support. When the unsubstituted amide is desired, use of a 
BHA or MBHA resin is preferred, because cleavage directly gives the amide. In case the N- 
methyl amide is desired, it can be generated from an N-methyl BHA resin. Should other 
substituted amides be desired, the teaching of U.S. Patent No. 4,569,967 (12) can be used, or 
should still other groups than the free acid be desired at the C-terminus, it may be preferable to 
synthesize the peptide using classical methods as set forth in the Houben-Weyl text (5). 

The C-terminal amino acid, protected by Boc and by a side-chain protecting group, if 
appropriate, can be first coupled to a chloromethylated resin according to the procedure set forth 
in K. Horiki et al. (13), using KF in DMF at about 60°C. for 24 hours with stirring, when a 
peptide having free acid at the C-terminus is to be synthesized. Following the coupling of the 
BOC-protected amino acid to the resin support, the a-amino protecting group is removed, as by 
using trifluoroacetic acid (TFA) in methylene chloride or TFA alone. Tne'deprotection is carried 
out at a temperature between about 0°C. and room temperature. Other standard cleaving 
reagents, such as HC1 in dioxane, and conditions for removal of specific a-amino protecting 
groups may be used as described in Schroder & Lubke (14). 
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After removal of the a-amino-protecting group, the remaining a-amino- and side chain- 
protected amino acids are coupled step-wise in the desired order to obtain the intermediate 
compound defined hereinbefore, or as an alternative to adding each amino acid separately in the 
synthesis, some of them may be coupled to one another prior to addition to the solid phase 
reactor. Selection of an appropriate coupling reagent is within the skill of the artr Particularly 
suitable as a coupling reagent is N,N'-dicyclohexylcarbodiimide (DCC). 

The activating reagents used in the solid phase synthesis of the peptides are well known 
in the peptide art. Examples of suitable activating reagents are carbodiimides, such as N,r>T- 
diisopropylcarbodiimide and N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide. Other activating 
reagents and their use in peptide coupling are described by Schroder & Lubke (14) and Kapoor 
(15). 

Each protected amino acid or amino acid sequence is introduced into the solid-phase reactor 
in about a twofold or more excess, and the coupling may be carried out in a medium of 
dimethylformamide (DMF): CH 2 C1 2 (1:1) or in DMF or CH 2 C1 2 alone. In cases where 
intermediate coupling occurs, the coupling procedure is repeated before removal of the a-amino 
protecting group prior to the coupling of the next amino acid. The success of the coupling 
reaction at each stage of the synthesis, if performed manually, is preferably monitored by the 
ninhydrin reaction, as described by Kaiser et al. (16). Coupling reactions can be performed 
automatically, as on a Beckman 990 automatic synthesizer, using a program such as that reported 
in Rivier et al. (17). 

After the desired amino acid sequence has been completed,, the intermediate peptide can 
be removed from the resin support by treatment with a reagent, such as ljquid hydrogen fluoride, 
which not only cleaves the peptide from the resin but also cleaves all remaining side chain 
protecting groups and also the a-amino protecting group at the N-terminus if it was not 
previously removed to obtain the peptide in the form of the free acid. If Met is present in the 
sequence, the Boc protecting group is preferably first removed using trifluoroacetic acid 
(TFA)/ethanedithiol prior to cleaving the peptide from the resin with HF to eliminate potential 
S-alkylation. When using hydrogen fluoride for cleaving, one or more scavengers such as 
anisole, cresol, dimethyl sulfide and methylethyl sulfide are included in the reaction vessel. 

Cyclization of the linear peptide is preferably affected, as opposed to cyclizing the peptide 
while a part of the peptidoresin, to create bonds between Cys residues. To effect such a disulfide 
cyclizing linkage, fully protected peptide can be cleaved from a hydroxymethylated resin or a 
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chloromethylated resin support by ammonolysis, as is well known in the art,* to yield the fully 
protected amide intermediate, which is thereafter suitably cyclized and deprotected. Alterna- 
tively, deprotection, as well as cleavage of the peptide from the above resins or a 
benzhydrylarnine (BHA) resin or a methyl benzhydrylarnine (MB HA), can take place at 0 D C. with 
5 hydrofluoric acid (HF),, followed by oxidation as described above. 

The examples below describe the chemical synthesis of SII. The conotoxin peptides 
disclosed herein are similarly synthesized using the conventional techniques described above. 

EXAMPLES 

The present invention is described by reference to the following Examples, which are 
10 offered by way of illustration and are not intended to limit the invention in any manner. 
Standard techniques well known in the art or the techniques specifically described below were 
utilized. 

EXAMPLE 1 
Purification and Analysis of a-Conotoxin SII 

15 Purification of Conotoxins 
from C. striatus Venom 

Purification of the peptides from C striatus venom involved initial size fractionation of its 

components by chromatography on Sephadex G-25 as previously described (18), followed by 

HPLC on semipreparative reverse-phase C 18 columns (Ultropac TSK ODS-120T, 7.8 x 300 mm, 

20 10 jon; or VYDAC C u , 10 x 250 mm, 5 /irn; a gradient of acetonitrile in 0. 1% TFA was used). 

Isolation of peptides from selected peaks usually required one or two more runs on analytical 

reverse-phase C, 8 columns. Gradients of acetonitrile in 0.1% TFA were used to elute the 

peptides. 

Sequence Analysis of Conotoxins 
25 Peptide SII was reduced and carboxymethylated, and then analyzed in a spinning-cup 

sequencer as described previously (19). 
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Purification and Characteriza- ■ . 
tion of a-Conotoxin Peptide SII 

In the course of purification of a-conotoxin peptides SI and SI A, additional fractions which 

cause paralysis in fish were identified. One of these activities eluted closely to SI and SIA. The 

5 paralytic fraction was purified to >90% homogeneity, and its amino acid composition was 

determined. An amino acid sequencing run gave results consistent with a 19 amino acid peptide 

with the sequence indicated in Table I. The sequence assignments in Table I match the 

determined amino acid composition. Further confirmation of the sequence assignment was 

provided by fast atom bombardment (FAB) mass spectrometry. The FAB mass spectrometry 

10 detennination yielded a MW (MPT 1790.56) which is consistent with the predicted 19 amino acid 
peptide with a free carboxyl terminus. Although this peptide is larger than any other o> 
conotoxin peptide so far characterized, it has striking homology to a-conotoxin peptide SI. This 
peptide has therefore been designated as a-conotoxin peptide SII. To confirm the sequence of 
the natural peptide, and to make more peptide available for further characterization, a-conotoxin 

15 peptide SII was synthesized. 

a-Conotoxin peptide SII is generally found at lower levels in C striatus venom than a- 
conotoxin SI, or the major tu-conotoxin, SVIA. However, there is considerable variation in the 
levels of the toxins from one venom sample to the next. Although the levels of SI and SII have 
been found to be approximately equal in one venom sample, more typically a-conotoxin peptide 

20 SII is found to be ca. 20% of a-conotoxin peptide SI and ca. 10% of o-conotoxin peptide SVIA. 

EXAMPLE 2 
Synthesis of a-Conotoxin SII 

Synthesis of a-Conotoxin SII 

Synthesis was carried out by the solid-phase procedure of Merrifield (20), following the 

25 general protocol of Gray et al. (21). Two grams of t-Boc-L -serine resin (Vega Biotechnologies 
Inc.; 0.60 mmol substitution/g) was used as the starting support, and Boc amino acids were 
purchased from Bachem. All Boc amino acids, except Boc-Gly, were of the L configuration. 
Side chains were protected as Cys(Mob), Ser(Bzl), Thr(Bzl). With one exception, couplings 
were carried out using dichloromethane as solvent and diisopropylcarbodiimide as the coupling 

30 agent. Asparagine was coupled without side-chain protection, using dimethyl formamide as 

SUBSTITUTE SHEET (RULE 26) 



. 09:40:37 



WO 95/11256 



PCT/US94/11927 



solvent, and 2 equiv. of hydroxybenzotriazole was added to minimize side reactions. Coupling 
was repeated when Pro residues made the ninhydrin test (16) an unreliable guide for 
completeness of reaction. 

The peptide was deprotected and removed from the resin (2.0 g of peptide-resin) as the Ser 
5 C-terminal, using the low-high HF procedure of Tarn -et.al. (22). 

Extraction and Purification of Reduced SII 

After completely distilling off the HF and most of the scavengers, the mixture was 
extracted with -200 mL of ether/1% P-mercaptoethanol (pME). The peptide was extracted with 
-200 ml of 5% HOAc/1% PME and then filtered through a 0.5 um Millipore membrane filter 
10 to remove the precipitate that formed. 

The filtrate was concentrated to -40 mL by lyophilization and loaded onto an LH-20 
column using 30% acetonitrile in 0.1% TFA as eluting buffer at a flow rate of 2.5 mL/min. 
Fractions were collected every three minutes for a total of 80 tubes, and those fractions that 
showed positive ninhydrin test were pooled and lyophilized. 

15 Oxidation and Purification of SII 

The lyophilized peptide (0.611 g) was treated with 10 mL of 6M guanidine 
hydrochloride/10 mM DTT, pH 9.0, and incubated at 55°C for one hour. After cooling, the 
clear, yellow solution was then added dropwise to 4L of 0.05 M NH^CO^ pH 8.08 (previously 
bubbled with N 2 for 1.5 hours). The reaction flask was loosely covered with paper tissue, and 

20 the mixture was allowed to air- oxidize (with magnetic stirring) at room temperature until it gave 
a negative Ellman's test for thiol. 

The oxidized mixture was adjusted to pH 5.5 with glacial acetic acid and then filtered on 
a Buchner funnel (Whatman No. 1 filter paper). The filtrate was chromato graphed using a C, g 
RP Waters Custom Prep Pak HPLC column (Delta Pak C 18 , 300- A pore size, 15 /xm) and eluted 

25 with a linear gradient of the TEAP system, pH 6.0 (23), at a flow rate of 40 mL/min. for 50 
minutes. Fractions monitored at 280 nm were collected manually every 30 seconds. The correctly 
folded peptide was identified by analytical HPLC using 10-20 /iL of each fraction from the peaks 
and comparing the elution time in TFA/acetonitrile with that of the natural SII peptide. Further 
purification of the peptide was carried out using a semipreparative column and TFA/acetonitrile 

30 buffer system. 
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The peptide was synthesized by the standard methods detailed above.* Starting with 2 g 
of Boc-Ser resin, the peptide was synthesized manually by the Merrifield procedure and was 
released from the resin using HF; approximately 0;6 g of reduced peptide was obtained. The 
peptide was oxidized by slow air oxidation at 4°C in a large volume- (4L). After five days, the 
oxidized peptide was purified by HPLC 

The synthetic and natural peptides have identical behavior on HPLC. and they showed 
similar effects on fish. Comparable paralysis and death times were observed at the three doses 
tested (0.5, 1.0 and 5.0 nmol/fish). Thus, by all criteria, the native and synthetic peptides are 
identical to each other, a direct confirmation of the sequence assignment. It is notable that 
although the peptide is a potent paralytic toxin to fish, no obvious effects are seen in two-week- 
old mice, even at 20 nmol/mouse. 

EXAMPLE 3 
Biological Activity of q-Conotoxin SII 

Biological Assays 

Injection offish and mice was performed as previously described (18). 

Synaptic responses were extracellularly recorded from cutaneous pectoris nerve-muscle 
preparations from Rana pi piens as previously described (24). Briefly, the lateral third of the 
muscle was cut away and pinned in a rectangular Sylgard trough. Synaptic responses were 
recorded with Pt-wire electrodes from the preparations treated with 0.2 fiM a-bungarotoxin to 
block end-plate potentials to levels below the threshold necessary for action potential generation; 
Conotoxin peptides were bath-applied by replacing the bath solution with toxin-containing 
solution. a-Conotoxin SII reversibly blocked electrically evoked, postsynaptic responses of the 
frog neuromuscular junction preparation. 

To test whether SII affected acetylcholine receptors, the toxin's effects on spontaneous 
miniature end plate potentials (mepps) were measured. Spontaneous miniature end-plate 
potentials (mepps) were recorded intracelluiarly from cutaneous pectoris muscle pinned to 
Sylgard-coated glass cover slips and then placed in a chamber which was secured to the stage 
of a fluorescence microscope. Toxin was focally applied in a solution containing a 
tetramethylrhodamine-Iysozyme conjugate (5 fiM). The fluorescence of the solution allowed its 
location to be monitored to be sure that end-plate regions were contacted by the toxin expelled 
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from the puffer pipet. Toxin was washed away from the end plate following withdrawal of the 
puffer pipet by perfusing the bath. SI I (20 /iM) applied from a puffer pipet reduced mepp 
amplitudes 45%, which recovered following washout of the toxin (n>20). This result indicates 
that acetylcholine receptors were reversibly blocked by the toxin.. 

Electrophysiological data were acquired with virtual instrument software (Lab VIEW 
National Inst.) on Macintosh computers fitted with AID converter hardware either from National 
Instruments (Lab NB) or GW Instruments (Mac-ADIOS adio). 

Binding Competition Between U5 I-Labeled 
q-Bunearotoxin and-q-Conotoxin.SII . 

The results with the frog neuromuscular junction, i.e., the blockade of mini-end-plate 
potentials (mepps) described, above, as well as the homology revealed by sequence analysis of 
a-conotoxin peptide SII, are strongly suggestive (but not conclusive evidence) that this peptide 
binds to the acetylcholine receptor at the vertebrate neuromuscular junction. In order to confirm 
this receptor assignment, an investigation was made as to whether a-conotoxin peptide SII bound 
to the ligand binding site of the nicotinic acetylcholine receptor by assaying for the ability of this 
peptide to compete with radiolabeled obungarotoxin to this site. 

Binding experiments were done using a filtration assay of a post-synaptic membrane 
fraction isolated from eleciroplax of Torpedo Californica . The 125 I-bungarotoxin (2,000 Ci/mmol) 
was used at ca. 10 3 cpm per assay; 100% binding under the condition used was 20,000 cpm. 
Non-specific binding, determined by preincubation with 1 /iM unlabeled a-bungarotoxin, was 
subtracted out. The results, of this experiment demonstrated that a-conotoxin peptide SII will 
completely displace the binding of ,25 I -a-bungarotoxin to the well-characterized nicotinic acetyl- 
choline receptor found in the Torpedo electric organ. Under the binding conditions used, the 
apparent IC 50 for a-conotoxin peptide SII was 8 /aM; a similar analysis for the previously 
characterized a-conotoxin peptide SI yielded IC 50 value of 1 under these conditions. These 
data therefore directly demonstrate that a-conotoxin peptide SII . interacts with the nicotinic, 
acetylcholine receptor at the ligand binding site. Thus, both the physiological data and binding 
data are consistent . with a-conotoxin peptide SII belonging to the a-conotoxin class which 
inhibits acetylcholine binding to the acetylcholine receptor at the neuromuscular junction. 
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EXAMPLE 4 
PCR Amplification of Conotoxin Peptides 

The rapid discovery of A-lineage conotoxin peptides from a variety of Conus species was 
made possible by the presence of highly-conserved nucleic- acid sequences in the cDNAs 
encoding this class of peptides. Specifically, it has been discovered that sequences encoding the 
signal sequence, pro region, 5* untranslated and 3* untranslated regions of A-lineage 
prepropeptides are sufficiently well conserved to provide a means of accessing these peptides by 
a variety of molecular techniques. A highly efficient strategy for A-lineage conotoxin peptide 
discovery based on the PGR amplification of A-lirieage prepropeptide sequences, using PCR 
primers homoogous to conserved portions of the a-conotoxin peptide GI cDNA, was used to 
identify the peptides described above in Tables II- VII. In this strategy, one PCR primer 
contained conserved nucleic acids encoding part of the signal sequence of the Gl prepropeptide 
and a second PCR primer contained conserved nucleic acids from the 3' untranslated region of 
the GI cDNA. These two paired primers therefore target conserved nucleic acid sequences which 
flank the cDNA sequence encoding the class of A-lineage conotoxin peptides and support the 
PCR amplification of A-lineage prepropeptide encoding sequences from any suitable template 
of Conus venom duct cDNA. 

A PCR amplification was performed on the Conus species identified in Table VIII. 
Conventional PCR techniques (25, 26) were utilized with the lineage targeting oligonucleotides 
DHOG506 and DHOG507 to identify the peptides described in Tables II-VII. Oligonucleotide 
DHOB506 (5'-TCTGCGAATGGGCATGCGGATGATGTT-3 ? ) (SEQJD NO:52) contains the 
first 20 base pairs encoing the a-conotoxin peptide GI signal sequence (boldfaced) as well as a 
seven-base-pair 5* extension to facilitate subcloning of PCR products into an appropriate DNA 
vector. Oligonucleotide DHOB507 (5 , -TGCTCCAACGTCGTGGTTCAGAGGGTC-3') (SEQ 
ID NO:53) contains 20 base pairs from the 3' untranslated region of the a-conotoxin GI cDNA 
clone (boldfaced) as well as a seven-base-pair 5' extension to facilitate subcloning. Using 
oligonucleotides DHOG506 and DHOG507 as PCR primer pairs in the presence of C bandanus 
venom duct cDNA gave rise to an amplification product which had an apparent size of 
approximately 240 base pairs in agarose gels. Subcloning and sequencing of this amplified 
material revealed the presence of several discrete cDNAs encoding A-lineage prepropeptides. 
One of these cDNAs was a clone encoding a 60 amino acid prepropeptide with the following 
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sequence: MGRMMSTMFLLVVATWSFASDASDGRN^ 

VNNPDJCG (SEQ ID NO:45). The C-termina] domain of this prepropeptide includes amino 
acids which clearly form an A-lineage conotoxin with a CC4C7C pattern. The identify of the 
N-terminal amino acid of the mature conotoxin is determined by the presence of a basic amino 
acid residue (lysine) two amino acids N-terminal to the double cystine residues,- The mature- 
toxin sequence clearly predicted from this C. bandanus cDNA therefore is 
GCCSHPACSVNNPDIC* (SEQ ID NO: 14; * = C-terminal amidation) which is called the C 
bandanus BN-1 conotoxin peptide. 
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EXAMPLE 5 
Biological Activity of UQ02 
The biological activity of conotoxin peptide U002 was determined by measuring its effect 
on spontaneous mepps of frog cutaneous pectoris muscle and by measuring its ability to compete 
5 with a-bungarotoxin, as described above in Example 3. U002 (205 mM) was applied from a 
puffer pipe reduced mepp amplitudes 30%. which recovered following washout of the toxin. 
U002 was found to block 70% of a-bungarotoxin binding at 50 fiM. 

EXAMPLE 6 
Biological Activity of K-Conotoxin Peptides 

10 A biological assay was used to determine the electrophysiological activity of K-conotoxin 

peptides. In this assay, a freshly-dissected frog neuromuscular junction preparation (cutaneous 
pectoris muscle) was placed in a small (approximately 30 /zL) recording chamber and bathed with 
normal frog Ringer's solution. Electrical stimulation of the nerve results in a single action 
potential which was recorded extracellularly from the frog muscle. Toxin (approximately 100 nM 

15 - 1 j*M) was apphed to the nerve-muscle preparation. The application of toxin results in 
repetitive action potentials in response to a single electrical stimulation of the nerve. 
Subsequently, the muscle begins twitching spontaneously and non-evoked (spontaneous) action 
potentials can be recorded. The effect of the toxin (repetitive action potentials) appears to be 
irreversible (effect is still present after washing the neuromuscular preparation for two hours). 

20 Addition of curare to the bath blocks the K-toxin induced repetitive action potentisl indicating that 
a major portion (if not all) of the toxin's effect is neuronally mediated. These. effects are most 
consistent with either potassium channel blockade or sodium channel activation. 

K-Cono toxin peptides can also be isolated using the above electrophysiological assay to 
screen Conus venom HPLC fractions. Active fractions are further purified until a homogeneous 

25 product is obtained. 

It will be appreciated that the methods and compositions of the instant, invention can be 
incorporated in the form of a variety of embodiments, only a few of which are disclosed herein. 
It will be apparent to the artisan that other embodiments exist and do not depart from the spirit 
of the invention. Thus, the described embodiments are illustrative and should not.be construed 
30 as restrictive. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Olivera, Baldomero M. 

Cruz, Lourdes J. 
Hillyard, David R. 
Mclntosh, J. Michael 
Santos, Ameurfina D. 

(ii) TITLE OF INVENTION: Conotoxin Peptides 

(iii) NUMBER OF SEQUENCES : 53 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Venable, Baetjer, Howard & Civiletti 

(B) STREET: 1201 New York Avenue N.W., Suite 1000 

(C) CITY: Washington 
<D) STATE: DC 

(F) ZIP: 20005 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE : Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: WordPerfect 5.1 Windows 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT 

(B) FILING DATE: 19-OCT-1994 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Ihnen, Jeffrey L. 

(B) REGISTRATION NUMBER: 28,957 

(C) REFERENCE /DOCKET NUMBER: 24260-107763 

<ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 202-962-4810 

(B) TELEFAX: 202-962-8300 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Cys Cys Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Cys 

1 5 .10 
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(2) INFORMATION FOR SEQ ID NO: 2: - 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE:, amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: YES 

(iv) ANTI -SENSE: NO 

(v) FRAGMENT TYPE: internal 

<vi> ORIGINAL SOURCE : 

(A) ORGANISM: Conus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Cvs Cys Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 
l" 5 10 15 



(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: YES 

(iv) ANTI -SENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

<A) ORGANISM: Conus 

(xi) SEQUENCE DESCRIPTION :- SEQ ID NO: 3: 

Cys Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa Cys Xaa Cys Xaa 
IS 10 15 

Xaa Xaa Cys 

(2) INFORMATION FOR SEQ ID NO :4 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii). HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus geographus 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Glu Cys Cys Asn Pro Ala Cys Gly Arg His Tyr Ser Cys 
15 10 

(2) INFORMATION FOR SEQ ID NO: 5; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids- 

(B) TYPE: amino acid 
CD) TOPOLOGY : linear 

<ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANT I- SENSE: NO 

<vi) ORIGINAL SOURCE : 

(A) ORGANISM: Conus geographus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Glu Cys Cys Asn Pro Ala Cys Gly Arg His Tyr Ser Cys Gly Lys 
15 10 15 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus geographus 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Glu Cys Cys His Pro Ala Cys Gly Lys His Phe Ser Cys 
1.5 io 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear - 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO* 

* (iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus magus 
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<xi) SEQUENCE DESCRIPTION: SEQ-IDNO:7: 

Gly Arg Cys Cys His Pro Ala Cys Gly Lys Asn Tyr Ser Cys 
15 10 



(2) INFORMATION FOR SEQ ID NO:B: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

( vi ) ORIGINAL SOURCE : 

(A) ORGANISM: Conus striatus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

He Cys Cys Asn Pro Ala Cys Gly Pro Lys Tyr Ser Cys 
15 10 



(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Tyr Cys Cys His Pro Ala Cys Gly Lys Asn Phe Asp Cys 
15 10 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) , ORGANISM: Conus striatus 
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(ix) FEATURE: - 

(A) NAME /KEY : Modified- site 

(B) LOCATION: 19. .20 

(D) OTHER INFORMATION: /note= "Xaa may be des-Xaa or 
Arg-Thr-Leu" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gly Cys Cys Cys Asn Pro. Ala Cys .Gly Pro Asn Tyr Gly Cys Gly Thx 
1 5 10 15 

Ser Cys Ser Xaa 
20 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

Ciii) HYPOTHETICAL : YES 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus 

(ix) FEATURE: 

(A) NAME /KEY: Modif ied-eite 

(B) LOCATION: 3 . . 10 

(D) OTHER INFORMATION: /note= "Xaa (3) is His or Asn; 
Xaa (10) is Tyr or Phe" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Cys Cys Xaa Pro Ala Cys Gly Xaa Xaa Xaa Xaa Cys 
15 10 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus imperialis 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Gly Cys Cys Ser Asp Pro Arg Cys Ala Trp Arg Cys 
1 5 10 
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(2) INFORMATION FOR SEQ ID NO : 13 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

<A) ORGANISM: Conus ermineus 

(ix) FEATURE: 

(A) NAME /KEY : Modif ied-site 

(B) LOCATION: 3 -.4 

{D) OTHER INFORMATION: /note= "Xaa is Pro or Hydroxy- Pro" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Arg Asp Xaa Cys Cys Tyr' His Pro Thr Cys Asn Met Ser Asn Pro Gin 
1 . 5-10 15 

He Cys 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus bandanus 

(ix) FEATURE: 

(A) NAME/KEY: Modified- site 

(B) LOCATION: 6 . . 14 

(D) OTHER INFORMATION: /note= "Xaa (6) is Pro or 

Hydroxy-Pro; Xaa (13) is Pro or Hydroxy-Pro; 
Xaa (14) is Asp or beta - carboxyasparta te " 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 14 : 

Gly Cys Cys Ser His Xaa Ala Cys Ser Val Asn Asn Xaa Xaa. He Cys 
1 5 -10 l^ 



(2)' INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus bandanus 

(ix) FEATURE: 

(A) NAME /KEY : Modif ied-site 

(B) LOCATION: 6 . . 13 

(D) OTHER INFORMATION: /note=* "Xaa (6) is Pro or 

Hydroxy-Pro; Xaa(13) is Pro or Hydroxy-Pro" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Glu Cys Cys Thr His Xaa Ala Cys His Val Ser His Xaa Glu Leu Cys 
1 5 10 15 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus bandanus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Asp Tyr Cys Cys His Arg Gly Pro Cys Met Val Trp Cys 
15 10 



(2)- INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus caracteristicus 

(ix) FEATURE : 

(A) NAME/KEY: Modif ied-site 

(B) LOCATION: 15.. 16 

(D) OTHER INFORMATION: /note= "Xaa isSer or Asn" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Gin Asn Cys Cys Ser He Pro Ser Cys Trp Glu Lys Tyr Lys Cys Xaa 
15 1C 15 



(2) INFORMATION FOR SEQ ID NO: 18: 

- (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH:. 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

<vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus caracteristicus 



Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Gly Cys Cys Ala He Arg Glu Cys Arg Leu Gin Asn Ala Ala Tyr Cys 
15 10 15 

Gly Gly He Tyr 
20 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE : peptide 

(iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSE: NO 

<vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus magus 

(ix) FEATURE: 

(A) NAME /KEY : Modif ied-site 

(B) LOCATION: 6. .7 

(D) OTHER INFORMATION : . /note= "Xaa is Pro or Hydroxy- Pro" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Gly Cys Cys Ser Asn Xaa .Val Cys His Leu. Glu His Ser Asn. Leu Cys 

1 -5 • 10 -15 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL : NO 
<iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus SUlcatUS 

(ix) FEATURE: 

. (A) NAME /KEY: Modified- site 

(B) LOCATION: 7 . . 15 

(D) OTHER INFORMATION: /note= "Xaa (7) is Pro or 

Hydroxy- Pro ,- Xaa ( 14 ) is Pro or Hydroxy- Pro ; 
Xaa(lS) is Glu or gamma -carboxyglutamate" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

Gly Gly Cys Cys Ser Phe Xaa Ala Cys Arg Lys Tyr Arg Xaa Xaa Met 
15 10 15 

Cys Gly 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE : 

(A) ORGANISM: Conus sulcatus 

(ix) FEATURE: 

(A) NAME/KEY: Modified- site 

(B) LOCATION: 6 . . 14 

(D) OTHER INFORMATION: /note* "Xaa (6) is Pro or 

Hydroxy-Pro; Xaa (13) is Pro or Hydroxy-Prd; 
Xaa (14) is Glu or gamma -carboxyglutamate" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Ala Cys Cys Ser Tyr Xaa Pro Cys Asn Val Asn Tyr Xaa Xaa He Cys 
1 5 10 15 

Gly Gly Arg 



(2) INFORMATION FOR SEQ ID NO:22: ■ 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid. 
(D) TOPOLOGY: linear 

(ii) MOLECULE * TYPE : peptide 

(iii) HYPOTHETICAL: NO 
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(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

Asn Gly Cys Cys Arg Asn Pro Ala Cys Glu Ser His Arg Cys Gly 
15 10 15 



(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 42 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide .. 

(iii) HYPOTHETICAL: NO 

<iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus ochroleucus 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:23; 

Asn Val Val Val Thr Ser Phe Glu Pro Thr Thr Leu Ala Pro Val Pro 
15 10 15 

Ser Asp Cys Cys Gin Val Ser Ser Cys Trp Asn Leu Tyr Gly Leu Glu 
20 25 30 

Cys Thr Gly lie Thr Arg Arg Arg Thr Leu 
35 40 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE : NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus ochroleucus 

(xi) SEQUENCE DESCRIPTION: SEQ IDN0:24: 

Asn Val Ala He Thr Ser Phe Glu Pro Thr Thr Leu Ala Pro Val Pro 
1 5 10 15 

Ser Asp Cys Cys Gin Vai Ser Ser Cys Trp Asn Leu Tyr Gly Pro Glu 
20 25 -30 

Cys Thr Gly He Thr Arg Arg Arg Thr Leu 
35 40 
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(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus stria tus 

(ix) FEATURE: 

(A) NAME /KEY : Modified- site 

(B) LOCATION: 37.. 38 

(D) OTHER INFORMATION: /note= "Xaa is des-Xaa or 
Gly- Arg - Arg - Asn - Asp " 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

Gin Lys Glu Leu Val Pro Ser Val lie Thr Thr Cys Cys Gly Tyr Asp 
15 10 15 

Pro Gly Thr Met Cys Pro Pro Cys Arg Cys Thr Asn Ser Cys Pro Thr 
20 25 30 

Lys Pro Lys Lys Pro Xaa 
35 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: C- terminal 

(vi) ORIGINAL SOURCE : 

(A) ORGANISM: Conus stria tus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

Gly Arg Arg Asn Asp 

1 5 * ■ 



(2) INFORMATION FOR SEQ ID NO.: 27: 

(i) SEQUENCE CHARACTERISTICS: . 

(A) LENGTH: 37 amino acids 

(B) TYPE: amino acid 
(D.) TOPOLOGY: linear 



SUBSTITUTE SHEET (RULE 26) 



09:40:37 



WO 95/11256 



PCT/DS94/11927 



-47- 



( ii> MOLECULE TYPE^ peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE : 

(A) ORGANISM: Conus magus 

(ix) FEATURE: 

(A) NAME /KEY : Modif ied-site 

(B) LOCATION: 2.-3 

(D) OTHER INFORMATION: /note= n Xaa is Glu or 
gamma -carboxyglutamate 

(ix) FEATURE: 

(A) NAME /KEY : Modif ied- site 
<B) LOCATION: 36.-37 

(D) OTHER INFORMATION: /note= "Xaa is des-Xaa or 
Gl y - Arg - Ar g - Asn - Asp." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Ala Pro Xaa Leu Val Val Thr Ala Thr Thr Asn Cys Cys Gly Tyr Asn 
15 10 15 

Pro Met Thr lie Cys Pro Pro Cys Met Cys Thr Tyr Ser Cys Pro Pro 
20 .25 30 

Lys Arg Lys Pro Xaa 
35 



(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus stercusmuscamm 

(ix) FEATURE: 

(A) NAME /KEY : Modif ied-site 

(B) LOCATION: 37., 38 

(D) OTHER INFORMATION: /note* "Xaa is des-Xaa or 
Gly - Arg - Arg - As n - Asp *' 



(xi) SEQUENCE DESCRIPTION: SEQ ID "NO: 28: 

Glx Thr Trp Leu Val Pro Ser Thr lie Thr Thr Cys Cys Gly Tyr Asp 
15 ,10 15 

Pro Gly Thr Met Cys Pro Thr Cys Met Cys Asp Asn Thr Cys Lys Pro 
20 -25 .30. 

Lys Pro Lys Lys Ser Xaa 
35 
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(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE :• peptide 

(iii) HYPOTHETICAL: NO 

<iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus stercusmuscarum 

(ix) FEATURE: 

(A) NAME/KEY: Modified- site 

(B) LOCATION: 37. .38 

(D) OTHER INFORMATION: /note= "Xaa is des-Xaa or 
Gly-Arg-Arg- Asn-His" 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

Ala Pro Trp Leu Val Pro Ser Thr lie Thr Thr Cys Cys Gly Tyr Asp 
15 10 15 

Pro Gly Ser Met Cys Pro Pro Cys Met Cys Asn Asn Thr Cys. Lys Pro 
20 25 30 

Lys Pro Lys Lys Ser Xaa 
35 



(2) INFORMATION FOR SEQ ID NO: 30: 

(ii SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: C- terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus stercusmuscarum 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Gly Arg Arg Asn His 
1 5 



(2) INFORMATION FOR SEQ ID NO: 31: . 

(i) SEQUENCE CHARACTERISTICS: 

(A) -LENGTH: 18 amino acids 
. (B) TYPE:. amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE.: peptide ... 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

<vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus ermineus-- 

(ix) FEATURE : 

(A) NAME/KEY: Modif ied-site 
CB) LOCATION: 3. .4 

(D) OTHER INFORMATION: /notes "Xaa is Pro or Hydroxy- Pro" 



(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

Arg Asp Xaa Cys Cys Tyr Hie Pro Thr Cys Asn Met Ser Asn Pro Gin 
15 10 IS 

He Cys 



(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus ermineus 

( ix) FEATURE : 

(A) NAME/KEY: Modif ied-site . 

(B) LOCATION: 3. .4 

(D) OTHER INFORMATION: /note= "Xaa is Pro or Hydroxy- Pro" 



fxi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

Arg Asp Xaa Cys Cys Ser Asn Pro Ala Cys Asn Val Asn Asn Pro Gin 
15 10 15 

He Cys 



(25 INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

tii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 
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tvi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus ermineus 

fix) FEATURE: 

(A) NAME/KEY: Modified- site 

(B) LOCATION: 1 . .27 

CD) OTHER INFORMATION: /note= "Xaa is Pro or Hydroxy-Pro" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Gly Cys Cys Gly Pro Tyr Xaa Asn Ala Ala Cys His Xaa Cys Gly Cys 
1 ' 5 10 15 

Lys Val Gly Arg Xaa Xaa Tyr Cys Asp Arg Xaa Ser Gly Gly 
20 25 30 



(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

<ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

Glu lie Cys Cys Asn Pro Ala Cys Gly Pro Lys Tyr Ser Cys 
1 5 10 



(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

Gin Lys Ser Leu Val Pro Ser Val lie Thr Thr Cys Cys Gly Tyr Asp 
1 5 10 . 15 

Pro Gly Thr Met Cys Pro Pro Cys Arg Cys Thr Ash Ser Cys 
20 ■ 25 30 
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(2) INFORMATION FOR SEQ ID NO: 36: _ 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus geographus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu Val Val Leu Ala- 
15 10 15 

' Thr Thr Val Val Ser Phe Pro Ser Glu Arg Ala Ser Asp Gly Arg Asp 
20 25 30 

Asp Thr Ala Lys Asp Glu Gly Ser Asp Met Glu Lys Leu Val Glu Lys 
35 40 45 

Lys Glu Cys Cys Asn Pro Ala Cys Gly Arg His Tyr Ser Cys Gly Arg 
50 55 60 

(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

Met Gly Met Arg Met Met Phe Thr . Val Phe Leu Leu Val Val Leu Ala 
15 10 15 

Thr Thr Val Val Ser Phe Pro Ser Asp Arg Ala Ser Asp Gly Arg Asp 
20 25 30 

Asp Glu Ala Lys Asp Glu Arg Ser Asp Met His Glu Ser Asp Arg Lys 
. 35 40 45 

Glu lie Cys Cys Asn Pro Ala Cys Gly Pro Lys Tyr Ser Cys Gly Arg 
50 55-60 
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(2) INFORMATION FOR SEQ ID NO : 3 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 



(xi) SEQUENCE DESCRIPTION: SEQ I] 

Met Gly Met Arg Met Met Phe Thr 
1 5 

Thr Thr Val Val Ser Phe Pro Ser 
20 

Asp Glu Ala Lys Asp Glu Arg Ser 
35 40 

Gly Arg Gly Cys Cys Cys Asn Pro 
50 55 

Gly Thr Ser Cys Ser Arg Thr Leu 
65 70 



> NO:38: 

Val Phe Leu Leu Val Val Leu Ala 
10 15 

Asp Arg Ala Ser Asp Gly Arg Asp 
25 30 

Asp Met His Glu Ser Asp Arg Asn 
45 

Ala Cys Gly Pro Asn Tyr Gly Cys 
60 



(2) INFORMATION FOR SEQ ID NO: 39: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 64 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu Vai Val Leu Ala 
15 10 15 

Thr Thr Val Val Ser Phe Pro Ser Asp Arg Ala Ser Asp Gly Arg Asp 
20 25 30 

Asp Glu Ala Lys Asp Glu Arg Ser Asp Met His Glu Ser Asp Arg Lys 
35 " 40 45 

Glu lie Cys Cys Asn Pro Ala Cys Gly Pro Lys Tyr Ser Cys Gly Arg 
50 55 60 . 
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(2) INFORMATION FOR SEQ ID NO ; 4 0 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

Met Gly Met Arc. Met Met . Phe Thr -Val Phe Leu Leu Val Val Leu Ala 
'l 5 10 15 

Thr Asn Val Val Ser Thr Pro Ser Asp Arg Ala Ser Asp Gly Arg Asn 
20 25 30 

Ala Ala Val His Glu Arg Gin Lys Ser Leu Val Pro Ser Val lie Thr 
35 40 45 

Thr Cys Cys Gly Tyr Asp Pro Gly Thr Met Cys Pro Pro Cys Arg Cys 
50 55 60 

Thr Asn Ser Cys Gly 
65 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 80 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus striatus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Ser Val Val Leu Ala 

Thr Thr Val Val Ser Thr Pro Ser Asp Arg Ala Ser Asp Gly Arg Asn 
20 25 30 . 

. Ala Ala Val His Glu Arg Gin Lys Giu Leu Val Pro Ser Val lie Thr 
35 40 45 

Thr Cys Cys Gly Tyr Asp Pro Gly Thr Met Cys Pro Pro Cys Arg Cys 
50 - 55 60 
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Thr Asn Ser Cys Pro Thr Lys Pro Lys Lys Pro Gly Arg Arg Asn Asp 
65 70 75 ' BO 

(2) INFORMATION FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 79 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

Civ) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus magus 

<xi> SEQUENCE DESCRIPTION: SEQ ID NO:42: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu Val Val Leu Ala 
1 5 10 15 

Thr Thr Val Val Ser lie Pro Ser Asp Arg Ala Ser Asp Gly Arg Asn 
20 25 30 

Ala Val Val His Glu Arg Ala Pro Glu Leu Val Val Thr Ala Thr Thr 
35 40 45 

Asn Cys Cys Gly Tyr Asn Pro Met Thr lie Cys Pro Pro Cys Met Cys 
50 55 60 

Thr Tyr Ser Cys Pro Pro Lys Arg Lys Pro Gly Arg Arg Asn Asp 
65 70 75 

(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 80 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus stercusmuscarum 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:43: 

Met Glv Met Arg Met Met Phe Thr Val Phe Leu Leu Val Val Leu Ala 
1 5 10 -15. 

Thr Thr Val Val Ser lie Pro Ser Asp Arg Ala Ser Asp Gly Arg Asn 
20 25 30 

Ala Ala Val Asn Glu Arg Gin Thr. Trp Leu Val Pro Ser Thr lie Thr 
35 40 45 
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Thr Cys Cys Gly Tyr Asp Pro Gly Thr Met Cys Pro Thr Cys Met; Cys 
50 55 '60 

Asp Asn Thr Cys Lvs Pro Lys Pro Lys Lys Ser Gly Arg Arg Asn Asp 
65 " 70 75 80 

(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 80 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus stercusmuscarum 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu Val Val Leu Ala 
15 10 15 

Thr Thr Val Val Ser lie Pro Ser Asp Arg Ala Ser Asp Gly Arg Asn 
20 25 30 

Ala Glu Val Asn Glu Arg Ala Pro Trp Leu Val Pro Ser Thr He Thr 
35 40 45 

Thr Cys Cys Gly Tyr Asp Pro Gly Ser Met Cys Pro Pro Cys Met Cys 
50 55 60 

Asn Asn Thr Cys Lys Pro Lys Pro Lys Lys Ser Gly Arg Arg Asn His 
65 70 75 80 

(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 

£ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus geographus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45: 

Met . Gly Met Arg Met Met Phe Thr Val Phe Leu -Leu Val Val Leu Ala 
1.5 10 15 

Thr Thr- Val Val Ser Phe Pro Ser Glu Arg Ala Ser Asp Gly Arg Asp- 
20 25 30 
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Asp Thr Ala Lys Asp Glu Gly Ser Asp Met Glu Lys Leu Val Glu Lys 
35 - -40 45 

Lys Glu Cys Cys Asn Pro Ala Cys Gly Arg His Tyr Ser Cys Gly Arg 
50 55 60 



(2) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 65 amino acids 

(B) TYPE : amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus bandanus 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:46: 

Met Gly Met Arg Met Met Phe Thr Met Phe Leu Leu Val Val Leu Ala 
1 5 10-15 

Thr Thr Val Val Ser Phe Ala Ser Asp Arg Ala Ser Asp Gly' Arg Asn 
20 25 30 

Ala Ala Ala Lys Asp Lys Ala Ser Asp Leu Val Ala Leu Thr Val Lys 
35 40 45 

Gly Cys Cys Ser His Pro Ala Cys Ser Val Asn Asn Pro Asp He Cys 
50 55 60 

Gly 
65 

(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 68 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus caracteristicus 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu Val Val Leu Ala 
1 5 10 15 

Thr thr Val Val" Ser Phe Thr Ser Asp Arg Ala Ser Glu Gly Arg Asn 
20 .25 30 
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Ala Ala Ala Lys Asp Lys Ala Ser Asp Leu Val Ala Leu Thr Val Arg 
35 ' 40 45 

Glv Cvs Cys Ala He Arg Glu Cys Arg Leu Gin Asn Ala Ala Tyr Cys 
50 55 60 

Gly Gly He Tyr 
65 

(2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 68 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL : NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus magus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu Val Val Leu Ala 
15 10 15 

Thr Thr Val Val Ser Phe Pro Ser Asp Arg Ala Ser Asp Gly Arg Asn 
20 25 30 

Ala Ala Ala Asn Asp Lys Ala Ser Asp Val He Thr Leu Ala Leu Lys 
35 40 45 

Gly Cys Cys Ser Asn Pro Val Cys His Leu Glu His Ser Asn Leu Cys 
50 55 60 

Gly Arg Arg Arg 
65 

(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus sulcatue 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu- Val Val Leu Ala 
! 5 10- 15 
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Thr Thr Val Val Ser Phe Asn Ser Asp Arg Asp Pro Ala Leu Gly Gly 
20 - "25 30 

Arg Asn Ala Ala Ala lie Ala Ser Asp Lys lie Ala Ser Thr Leu Arg 
35 40 45 

Arg Gly Gly Cys Cys Ser Phe Pro Ala Cys Arg Lys Tyr Arg Pro Glu 
50 55 60 

Met Cys Gly Gly Arg Arg 
65 70 

(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 62 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE : NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus caracteristicus 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:50: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu Val Val Leu Ala 
.1 5 10 15 

Thr Thr Val Val Ser Phe Thr Ser Asp Arg Ala Ser Asp Gly Arg Asn 
20 25 30 

Ala Ala Ala Asn Ala Phe Asp Leu He Ala Leu He Ala Arg Gin Asn 
35 40 45 

Cys Cys Ser He Pro Ser Cys Trp Glu Lys Tyr Lys Cys Ser 
50 55 60 

(2) INFORMATION FOR SEQ ID NO: 51: 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 62 amino acids 

(B) TYPE: amino acid 
•(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE : pept i de 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus bandanus 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

Met Gly Met Arg Met Met Phe Thr Val Phe Leu Leu Val- Val Leu Ala 
1 5 10 15 
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Thr Ala 



Val Leu Pro Val Thr Leu Asp Arg Ala Ser Asp Gly Arg Asn 
20 - 25 30 



Ala Ala 



Ala Asn Ala Lys Thr Pro Arg Leu lie Ala Pro Phe lie Arg 
35 40 45 



Asp Tyr 
50 



Cys Cys His Arg Gly Pro Cys Met Val Trp Cys Gly 
55 60 



(2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

<vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus geographus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 

TCTG CG AATGGG CATGC GG ATG ATG TT 27 



(2) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus geographus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 

TGCTCCAACGTCGTGGTTCAGAGGGTC 
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WHAT IS CLAIMED IS : 

1. A substantially pure A-lineage conotoxin peptide selected from the group consisting of: 

Gly-Cys-Cys-Cys-Asn-Pro-Ala-^ 
Xaa, (SEQ ID NO: 10), wherein Xaa, is des-Xaa, or Arg-Thr-Leu; 

Gly-Cys-Cys-Ser- Asp-Pro- Arg-Cys-Ala-Trp-Arg-Cys (SEQ ID NO: 12); 

Arg-Asp-Xaa,-Cys-Cys-Tyr-His-Pro-Thr-Cys-Asn-Met-Ser-Asn-Pro-Gln-Ile-Cys 
(SEQ ID NO: 13), wherein Xaa, is Pro or preferably hydroxy-Pro; 

Gly-Cys-Cy s-Ser-His-Xaa, - Ala-Cys-Ser- Val- Asn-Asn-Xaa 2 -Xaa 3 -Ile-Cy s (SEQ ID 
NO: 14), wherein Xaa, or Xaaj is Pro or hydroxy-Pro, and Xaa-j is Asp or P-carboxy- 
aspartate; 

Glu-Cys-Cys-Thr-His-Xaa,-Ala-Cys-His-Val-Ser-His-Xaa 2 -Glu-Leu-Cys (SEQ ID 
NO: 15), wherein Xaa, or Xaaj is Pro or hydroxy-Pro; 

Asp-Tyr-Cys-Cys-His-Arg-Gly-Pro-Cys-Met-Val-Trp-Cys (SEQ ID NO: 16); 

Gln-Asn-Cys-Cys-Ser-Ile-Pro-Ser-Cys-Trp-Glu-Lys-Tyr-Lys-Cys-Xaa, (SEQ ID 
NO: 17), wherein Xaa, is Ser or Asn; 

Gly-Cys-Cys-Ala-Ile-Arg-Glu-Cys-Arg-Leu-Gln-Asn-Ala-Ala-Tyr-Cys-Gly-Gly-Ile- 
Tyr (SEQ ID NO: 18); 

Gly-Cys-Cys-Ser-Asn-Xaa,-Val-Cys-His-Leu-GIu-His-Ser-Asn-Leu-Cys (SEQ ID 
NO: 19), wherein Xaa, is Pro or hydroxy-Pro; 

Gly-Gly-Cys-Cys-Ser-Phe-Xaa r AJa-Cys-Arg-Lys-Tyr-Arg-Xaa 2 -Xaa3-Met-Cys-Gly 
(SEQ ID NO:20), wherein Xaa, or Xaa 2 is Pro or hydroxy-Pro, and Xaa 3 is Glu or y- 
carboxyglutamate; 

Ala-Cys-Cys-Ser-Tyr-Xaa r Pro-Cys-Asn-Val-Asn-Tyr-Xaa 2 -Xaa 3 -Ile-Cys-Gly>Gly- 
Arg (SEQ ID NO:21), wherein Xaa, or Xaa 2 is Pro or hydroxy-Pro, and Xaa 3 is Glu or y- 
carboxyglutamate; 

Asn-Gly-Cys-Cys-Arg-Asn-Pro-Ala-Cys-Glu-Ser-His-Arg-Cys-GIy (SEQ ID 
NO:22); • • V - 

Asn-Val-Val-Val-Thir-Ser-Phe-Glu-F^ 
Cys-Gln-Var-Ser-Ser-Cys-Trp-Asn-Leu-Tyr : Gl^^ 
Arg-Thr-Leu (SEQ ID NO:23); 
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Asn-Val-Ala-Ile-Thr-Ser-Phe^ 
Cys-Gln-Val-Ser-Ser-Cys-Tn>^ 
Arg-Thr-Leu (SEQ ID NO:24); 

Gln-Lys-Glu-Leu-Val-Pro-Ser-V^ 
Met-Cys-Pro-Pro-Cys-Arg-Cys-Thr-Asn-Ser-Cys-Pro-Thr-Lys-Pro-Lys-Lys-Pro-Xaa^EQ 
ID NO:25), wherein Xaa, is des-Xaa, or Gly-Arg-Arg-Asn-Asp (SEQ ID NO:26); 

Ala-Pro-Xaa r Leu-Val-Val-Thr-Ak^^ 
Thr-Ile-Cys-Pro-Pro-Cys-Met-Cys-Thr-Tyr-Ser-Cys-Pro-Pro-Lys-Arg-Lys-Pro-Xaa 2 (SEQ 
ID NO:27), wherein Xaa, is Glu or y-carboxyglutamate and Xaa 2 is des-Xaa, or Gly-Arg- 
Arg-Asn-Asp (SEQ ID NO:26); 

Gk-Thr-Trp-Leu-Val-Pro-Ser-Th^ 
Met-Cys-Pro-Thr-Cys-Met-Cys-Asp-Asn-Thr-Cys-Lys-Pro-Lys (SEQ 
ID NO:28), wherein Xaa, is des-Xaaj or Gly-Arg-Arg-Asn-Asp (SEQ ID NO:26); 

Ala-Pro-Trp-Leu-Val-Pro-Ser-ThMle- 
Met-Cys-Pro-Pro-Cys-Met-Cys-Asn-Asn-T^ (SEQ 
ID NO:29), wherein Xaa, is des-Xaa, or Gly-Arg-Arg-Asn-His (SEQ ID NO:30); 

Arg-Asp-Xaa r Cys-Cys-Tyr-His-Pro-Tru-Cys-Asn-Met-Ser-Asn-Pro-Gln-Ile-Cys 
(SEQ ID NO:31), wherein Xaa, is Pro or hydroxy-Pro; 

Arg-Asp-Xaa,-Cys-Cys-Ser-Asn-Pro-Ala-Cys-Asn-Val-Asn-Asn-Pro-Gln-Ile-Cys 
(SEQ ID NO:31), wherein Xaa, is Pro or hydroxy-Pro; and 

Gly-Cys-Cys-Gly-Pro-Tyr-Xaa r Asn-Ala-Ala-Cys-His.Xaa 2 -Cys-Gly-Cys-Lys-Val- 
Gly-Arg-Xaa 3 -Xaa 4 -Tyr-Gys-Asp-Arg-Xaa5-Ser-Gly-Gly (SEQ ID,NO:33), wherein Xaa,, 
Xaa 2> Xaa 3 , Xaa 4 and Xaaj are Pro or preferably hydroxy-Pro. 

2. An A-lineage conotoxin peptide of claim 1 wherein one or more of the Pro residues is 
hydroxy-Pro. 

3. An A-lineage peptide of claim 1 wherein a Glu residue is y-carboxyglutamate. - 

4. A substantially pure K-conotoxin peptide which has six Cys residues, . and the internal 
sequence Cys-Cys-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Cys-Xaa-Xaa-Cys-Xaa-Gys-Xaa-Xaa- 

Xaa-Cys (SEQ ID NO:3). 
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5. The K-conotoxin peptide of claim 2, having the sequence Gln-Lys-Glu-Leu-Val-Pro-Ser- 
Val-Ile-Thr-Thr-Cys-Cys-Gly-Tyr-Asp^ 

Asn-Ser-Cys-Pro-Thr-Lys-Pro-Lys-Lys-Pro-Xaa, (SEQ ID NO:25), wherein Xaa, is 
des-Xaa, or Gly-Arg-Arg-Asn-Asp (SEQ ID NO:26). 

6. An A-lineage conotoxin peptide of claim 5 wherein one or more of the Pro residues is 
hydroxy-Pro. 

7. The K-conotoxin peptide of claim 2, having the sequence Ala-Pro-Xaa,-Leu-Val-Val-Thr- 
Ala-Thr-Thr-Asn-Cys-Cys-Gly-Tyr-Asn-Pro-M^ 

Tyr-Ser-Cys-Pro-Pro-Lys-Arg-Lys-Pro-Xaa 2 (SEQ ID NO:27), wherein Xaa, is Glu or y- 
carboxyglutamate and Xaa 2 is des-Xaa, or Gly-Arg-Arg-Asn-Asp (SEQ ID NO:26). 

8. An A-lineage conotoxin peptide of claim 7 wherein one or more of the Pro residues is 
hydroxy-Pro. 

9. The K-conotoxin peptide of claim 2, having the sequence Glx-Thr-Trp-Leu-Val-Pro-Ser- 
Thr-IIe-Trir-Thr-Cys-Cys-Gly-Tyr- 

Asn-Thr-Cys-Lys-Pro-Lys-Pro-Lys-Lys-Ser-Xaa, (SEQ ID NO:28), wherein Xaa, is 
des-Xaa, or Gly-Arg-Arg-Asn-Asp (SEQ ID NO:26). 

10. An A-lineage conotoxin peptide of claim 9 wherein one or more of the Pro residues is 
hydroxy-Pro. 

1 1 . The K-conotoxin peptide of claim 2, having the sequence Ala-Pro-Trp-Leu-Val-Pro-Ser- 
Thr-Ile-Thr-Thr-Cys-Cys-Gly-Tyr-Asp-Pro^ 

Asn-Thr-Cys-Lys-Pro-Lys-Pro-Lys-Lys-Ser-Xaa, (SEQ ID NO:29), wherein Xaa, is 
des-Xaa, or Gly-Arg-Arg-Asn-His (SEQ ID NO:30). 

12. An A-lineage conotoxin peptide of claim 11 wherein one or more of the Pro residues is 
hydroxy-Pro. 
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13. A process for identifying A-lineage conotoxin peptides which comprises amplifying Conus 
nucleic acid using the primers 5 ' -TCTGCG A ATGGGC ATGCGG ATG ATGTT-3 " (SEQ ID 
NO:52) and 5 ' -TGCTCC AACGTCGTGGTTC AG AGGGTC-3 *) (SEQ ID NO:53). 

14. An oligonucleotide having the sequence S'-TCTGCG A ATGGGC ATGCGG ATG ATGTT-3 ' 
(SEQ ID NO:52). 

15. An oligonucleotide having the sequence 5 ' -TGCTCC AACGTCGTGGTTCAG AGGGTC-3 ' ) 
(SEQ ID NOr53). 
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